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K ra siń sk a  M ., 1988: V a r ia b ility  o í  th e  sk u ll sh a p e  in  hyb rid s b e tw een  
L uvopean bison  and  dom estic  ca ttle . A cta  th er io l., 33, 12 : 147— 186 
(W ith  8 T ab les, 2 F igs , & P la te s  V II— X IV ].

T he stu dy  w a s carried  o u t on 59 (28,31) sk u lls  o f h yb rid s b etw een  
E uropean  b ison  and  d o m estic  ca ttle  o f  th e  P o lish  red  breed  and  b lack  
a nd  w h ite  lo w la n d  breed . T he p ercen ta g e  of ca ttle 's  b lood  in crea sed  
from  50“/o in  F, g en era tio n  to 93.75%  in th ree  back cross gen eration s.
In order to  com pare th e  data  for  h yb rid s, 40 (6,34) sk u lls  o f d o m estic  
c a ttle  w e re  m ea su red  and  th e  data  for E uropean  b iso n  w e re  ta k en  from  
litera tu re . A d u lt F t h yb rid s ex ceed ed  both  E uropean  b ison  an d  th e  
c a ttle  a s  w e ll a s  back cross h yb rid s in  basa l len g th  of a  sk u ll, len gth  
of d o rs u m  n a s i  and  m an d íb u la , and  in ca p a c ity  o f  c a v u m  cranii .  M ost 
rem a in in g  cran ia l d im en sio n s  in  F, h y b rid s and  th e  sh ap e o f F! m ale  
sk u lls  w ere  in term ed ia te  b e tw e en  th e  p a ren ta l form s. T he fe a tu re s  o f  
E urop ean  b ison  w h ic h  d is t in c t ly  p red o m in a ted  in  h yb rid  sk u lls  w ere:  
th e  b readth  o f occip u t, th e  s iz e  and  sh a p e  of p ro c e ssu s  cornuales  in  
F, h y b rid s o f both  se x e s  a s  w e ll as te le sco p ic  a n n u lí orb ita les and  the  
h e ig h t  o f a  sk u ll in  F, m ales. T he ca ttle  fea tu res  p red o m in a ted  in : 
th e  sk u ll sh a p e  o f  F t fem a les  and  b a ck cross h yb rid s, c a lv a r ía  form ed  
e n tire ly  o f  ossa fro n ta l ia ,  com p o sitio n  o f p la n u m  nuchale ,  h in d  situ ation  
of p ro cessu s c ornuales ,  and  th e  h e ig h t o f fo ssa  t em p o ra l i s .  T he grow th  
rate o f  F, hyb rid s sk u lls  d u rin g  th e  secon d  y ea r  o f  th e ir  l ife  w a s fa ster  
th a n  th a t in  E uropean  b ison . H o w ev er , in  E uropean  b iso n  w h ic h  w ere  
o ld er  th a n  4 yrs b readth  d im en sio n s  o f a  sk u ll g rew  m ore  in te n s iv e ly  
th a n  in  ca ttle . S e x u a l d im orp h ic  fe a tu re s  in  h yb rid  cran ia  occurred  in  
th e  c a lv a r ía  and  p la n u m  n u ch a le  and  in  th e  s ize  o f p ro cessu s cornuales.
In a d u lt h y b rid s th e  v a r ia b ility  o f lin ea r  cra n ia l d im en sio n s  w a s rather  
lo w  w h erea s  stru ctu ra l d iffe re n tia tio n  w a s  h igh er . In backcross h yb rid s  
th e  sk u lls  b eca m e m ore s im ila r  to th o se  o f th e  ca ttle  as th e  p ercen tage  
of c a ttle ’s  b lood  increased .

|M a m m a ls R es. In st., P o lish  A cad. Sci., 17-230 B ia ło w ie ż a , P o lan d],

1. IN T R O D U C T IO N

S ev en ty -o n e  hybrids b etw een  E uropean bison and dom estic cattle  of 
both breeds: the P o lish  red (pr) and the black and w h ite  low lan d  (bwl) 
w ere obtained at B ia łow ieża  during the period 1958— 1976. The per­
centage of b ison blood in  th ese hybrids decreased  from  50% to 6.25% 
(D ehnel, 1960; D em iaszkiew icz, 1961; K rasińska, 1963, 1967, 1971a, 1976, 
1979a). The postnatal d evelopm ent of th ese hybrids w as studied  (K rasiń­
ska, 1969, 1971b, 1979b) as w e ll as their fer tility  (F edyk & K rasińska,

1147]
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T a b le  1

L ist o f  e x a m in ed  h yb rid s b e tw e en  E urop ean  b ison  and  d o m estic  ca ttle . A b b .: 
w h ite  lo w la n d  breed  of c a ttle ;  r p x s im t .  —  th e  red  P o lish X S im e n ta l  breed  of 
M  —  m a le ; F  —  fe m a le ; rp —  th e  red  P o lish  breed  o f  c a ttle ;  b w l —  b la ck  an a

w h ite  c a ttle ;  E.b. —  E uropean  b ison .

No. N am e S ex
P a re n ts A g e

(m th)
P la c e  o f  

birthM ather F ather

F, H ybrid s

1 Ł ow icz M ca ttle E.b. 16 Ł ękno
2 L uk M ca ttle E.b. 17 H
3 Łan M ca ttle E.b. 17 »>
4 Ł otysz M ca ttle E.b. 20 tł
5 Ł ow ca M rp- E.b. 24
6 Ł obez M r p .X sim t. E.b. 24
7 F ak ir M b w l E.b. 63 B ia ło w ie ż a
8 F arad M b w l E.b. 77 1»
9 F ilip M E.b. rp. 96 M

10 F a cet M b w l E.b. 136 »9
11 F ilo n M E.b. rp. 156
12 Ł ysica F ca ttle E.b. 18 Ł ękno
13 Ł ajza F ca ttle E.b. 20
14 Ł ąka F b w l E.b. 24 Ir
15 Ł atka F bw l E.b. 24 Hi
16 Ł aw ica F bw l E.b. 29 1t
17 F ilu tk a F E.b. rp, 84 B ia ło w ieża
18 F am a F rp. E.b. 96 91

b o s H ybrid s

19 F eld F F am a F, b w l 19 B ia ło w ieża
20 F ellach M F a m ela  F, bw l 24 |t
21 F estyn M F iga  Fi b w l 29
22 F eg M F ilu tk a  F, b w l 41 fł
23 Fen M F am a F , b w l 43 B ia ło w ieża
24 Feb M F ilu tk a  F, b w i 43 1t
25 F ey M F a m ela  Fj jersey 49
26 F ez M F ilu tk a  F, b w l 52 ii
27 F etysz M F am a F | b w l 53 „
28 F en ix M F a m a  F, b w l 66 1»
29 F eli M F an n y  F, b w l 84
30 F elly F F a m ela  F, b w l 15 „
31 Ferm a F F am a F, b w l 17
32 F em a F F am a F, b w l 28
33 F eta F F ilu tk a  F, b w l 39
34 F elpa F F a tim a  F, b w l 53
35 F eska F F iga  F, b w l 54 1
36 F ew a F F ilu tk a  F, b w l 66 19
37 F era F F iga  F, b w l 78 >9
38 F em in a F F an n y  F, bw l 90
39 F en n y F F an n y  F , b w l 96 *■

co n tin u ed  on p. 149
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T a b le  1. co n clu d ed .

B 2 bos H ybrid s

40 F en ek M F en n y  B, b w l 16 B ia ło w ieża
41 F en y l M F en n y  B, b w l 27 «»
42 F en om en M F em in a  B, b w l 51 ft
43 F en  II M F era B, bw l 52 it
44 F en o l M F esk a  B, b w l 53

”45 F ela F F em in a  B, b w l 30
46 F etw a F F ew a  B, bw l 34 19
47 F elg a F F en n y  B, b w l 38
48 F en ic ja F F em in a  B, bw l 41 11
49 F ed a la F F esk a  B, bw l 41
50 F era jn a F F era  B, bw i 50 B ia ło w ieża
51 F ela  II F F elpa  B, b w l 52 it
52 F ega F F em a  B, b w l 53 1»
53 Ferrara F F era B, b w l 56
54 F esta F F esk a  B, bw l 65 ”

B 3 bos H ybrid s

55 F elik s M F ela  II B , b w l 25 B ia ło w ieża
56 F elba F F ela  II B , b w l 12
57 F edra F F ed a la  B,. bw l 12
58 F erta F F esta  B , b w l 16 1t
59 F eda F F ed a la  B 2 bw l 26 1»

1971, 1980). A lso the h ered ity  of m orphological and physio logica l features  
h ave b een  fo llow ed  (B uchalczyk e t  a i,, 1971; K rasińska & P ilarsk i, 1977; 
K rasińska & Sum iński, 1981), and the u tility  va lu e  of these hybrids  
has been estim ated  (P ietrzyk ow sk i & K rasińska, 1971; Szulc e t  al., 1971).

The proportions and a form  of a sku ll of European bison d iffers from  
those of dom estic cattle , esp ec ia lly  in regio par ie ta l is  and reg io  fronta lis  
(Sokolov, 1953; H eptner e t  al., 1961), so it is in terestin g  to learn the  
trends of the changes in  the skull form  in  hybrids w ith  d ifferen t per­
centage of bison blood. The m orphology o f sk u lls of hybrids betw een  
European b ison and dom estic cattle  w as analyzed  earlier, in the pre-w ar  
years, on  the sm all group of anim als, w hich  cam e from  the A skania  
N ova (U SSR ) (A ndreeva, 1935; B ogoljubskij, 1935).

2. M A T E R IA L  A N D  M ETHO D

T he stu d y  w a s  carr ied  o u t on  th e  sk u lls  o f  59 (28,31) h y b rid s b e tw e en  E uropean  
bison  a n d  d o m e stic  c a ttle ;  F, gen era tio n  and  th ree  back cross g e n era tio n s  (B ,bos: 
25°/# E uropean  b ison , 75% c a ttle ;  B 2bos: 12.5% E uropean  b iso n , 87.5% cattle , and  
B ,b o s: 6.25% E uropean  b ison , 93.75% cattle) (T able  1). T h e  sk u lls  o r ig in a ted  from  
1— 13 y ea rs old  a n im a ls  o f tw o  breed in g  s ta tio n s: a t B ia ło w ie ż a  (50) and  Ł ękno  
S ta te  F arm s (9). A ll th e  sk u lls  are  in c lu d ed  to th e  c o llec tio n  o f  M am m als R esearch  
In stitu te  o f  P o lish  A cadem y o f  S c ien ces . B y  com parison  w ith  that, 40 (6,34) sk u lls
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o f d om estic  ca ttle  ad u lt sp ec im en s of red P o lish  breed  (pr) and  th e  b la ck  an d  
w h ite  lo w la n d  breed  (bw l) w ere  m easu red . A ll th ey , e x c e p t  o f th e  b u ll R ich tje , 
are from  the c o lle c tio n  o f th e  D ep artm en t o f A n im a l A n a to m y , W arsaw  A g r icu ltu re  
U n iv ersity . T he d im en sio n s o f  E uropean  b iso n  sk u lls  w e r e  ta k en  from  th e  p ap er  
by E m pel (1962) and  th e  n eed ed  a v era g es w ere  counted . T h e  o n ly  m e a su ­
rem en t S m —Sm , not m easu red  by E m pel (1962) b u t im p o rta n t fo r  th e  com parison , 
w a s ta k en  p a rticu lar ly  for th is  stu d y  in  th e  D ep a r tm en t o f A n im a l A n tom y, W arsaw  
A g ricu ltu re  U n iv e r s ity  by Dr. F. K obrynczu k. T he m ea su rem en ts  co m p rised  both  
th e  E m p el’s m a ter ia ls  and  th e  sp ec im en s c o llec ted  la ter  (n = 3 5 ) . T he age  o f  
h yb rid s w as k n ow n  from  th e  b reed in g  docu m en ts, th e  age  o f th e  ca ttle  w a s  
e stim a ted  on th e  b asis o f a n  ob litera tio n  of th e  sk u ll su tures.

T h ir ty -fo u r  m ea su rem en ts , lis ted  b elow , w ere  ta k en  acco rd in g  to D u erst’s (1926) 
and K rysiak ’s (1983). T w o m easu rem en ts (12 and  19) w ere  ta k en  a ccord in g  to  
E m pel's (1962) in stru ctio n s. T he ca p a c ity  o f  c a v u m  cra n i i  w a s  m ea su red  w ith  use  
of grain  a fter  t ig h ten in g  o f th e  larger  h o les o f a sk u ll. T he m ea su rem en ts w ere  
taken  e ith er  d irec tly  or in  p rojection . T h e  m a in  m ea su r in g  p o in ts  o f a sk u ll  
are sh o w n  in F ig . 1.

/9

F ig. 1. S e e  ex p la n a tio n  on  p. 151
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Gov

F ig . 1. M easurin g  p o in ts  o f a sk u ll. S e e  te x t  (p. 152) for  th e  d e fin it io n s  of m ea su re­
m en ts. I —  ¡Varmo vert ica l ia ,  2 —  N orm a la tera lis , 3 —  N o r m a  nuchalis ,  4 —

N orm a bast laris, 5 —  M andibttla .
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M easurem ents o f L ength

1. C b  —  th e  len gth  of sk u ll fro m  th e  h in d  su rfa ce  o f  co n d y t i  o c c ip i ta le s  to th e  p o in t
P ro s th io n  (P)

2. B - P  — R a s io n -P ro s th io n
3. O p-P  — O p isth o cra n io n -P ro sfh io n
4. O p - B r  —  O p is th o c ra n io n -B re g m a
5. JV-Op —  N a s io n -O p is th o c ra n io n
6. N - R h  •— N a sio n -R h in io n
7. N - P  '— N a s io n -P ro s th io n
8. S t - B  —  S ta p h y l io n -B a s io n
9. S t - P  —  S ta p h y l io n -P r o s th io n

10. P m - P  —  P ra e m o la re -P r o s th io n
11. P m - P d  — P r a e m o la r e -P o s td e n ta le  
M easurem ents o f H eight

12. th e  h e ig h t o f  sk u ll (E m pel, 1962) —  th e  d ista n ce  from  th e  h ig h est p o in t o f  
th e  c a lv a r ia  to  th e  l in e  d raw n  across S ta p h y l io n -B a s io n

13. B asion -Iin ea  nu ch a e
14. S t - N  —  S ta p h y l io n -N a s io n
15. S p h - B r  — S p h e n o b a s io n -B r e g m a
16. B -O  —  B a s io n -O p is th to n
17. th e  h e ig h t o f  F ossa  t e m p o ra l i s  (F ig. 1, 2)

M easu rem en ts of P rocessus  C ornualis

18. th e  len g th  of h orn  core m easu red  a lo n g  e x ter n a l cu rve
19. th e  g rea te st  sp read  of horn  cores
20. horn core b a se  c ircu m feren ce

M easu rem en ts o f  B read th  and C ap acity

21. E ct-E c t  — E c to o rb i ta le -E c to o rb i ta le
22. Fs-Fs  —  F ro n to s ten io n -F ro n to s te n lo n
23. N m - N m  —  N a s o m a x iU a r e -N a so m a x i l la re
24. O t-O t  —  O tio n -O t io n
25. S m - S m  —  S u p ra m o la re -S u p r a m o la re
26. i4ti-.Au — A u r ic u la r e  - A u r ic u la r  e
27. th e  breadth  o f  p ro cessu s zy g o m a t i c u s  oss is  fr o n ta lis  m ea su red  a lo n g  th e  suture  

w h ich  co n n ects it  w ith  p ro c e ssu s  fro n ta l i s  oss is  z y g o m a t i c i
28. C ap acity  o f c a v u m  cranii

M easu rem en ts o f M andil le

29. 7d-C m  —  I n f ra d e n ta le -C o n d y lo n  m e d ia l e
30. Id -G o c  —  In fra d e n ta le -G o n io n  c a u d a te
31. C m - G o v  —  C o n d y lo n  m e d ia le -G o n io n  v e n tr a le  in  p rojection
32. Id - G o v  — I n f ra d e n ta le -G o n io n  v e n t r a l e  in  p ro jection
33. th e  breadth of ra m u s  m a n d ib u la e  (B R M )
34. th e  h e ig h t o f c orpus  m a n d ib u la e  b eh in d  M* (HCM)
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-T h e  fo llo w in g  cra n ia l in d ices h a v e  been  ca lcu la ted  in  order to f in d  o u t the  
p rop ortion s of a sk u ll:

1 . E c t- E c tX  100/BP
2. S m - S m X  1 0 0 /S r -P
3. B -S iX 1 0 0 /S t-P
4 . S m -S m X IO O /E c t-E c t
5 . St -N X\0 0 /S ph -B r
6 .  S t - N X l O O / S t - P

7. S p h - B r X I M B - S t
8. O p - N X  100/B -P
9. O p-N X lO O /N -P

10. height of c orpus  m anidibuiae behind M3X 100,'BRlVi
11. th e  h e ig h t o f corpus m a n d ib u la e  b eh in d  M 3X 100/fd-G oc
12. B - l in e a  n u c h a e X  100/O t - O t

In h yb rid s both  m a n d ib les  o f  ev ery  in d iv id u a l h a v e  been  m ea su red  and  the  
a r ith m etic  m ea n  w a s a ssu m ed  to  be th e  resu lt. In d iv id u a l d im en sio n s  o f th e  sk u lls  
o f a ll h yb rid s are  co m p iled  in  th e  ta b les  a n n ex e d  to th e  ty p escr ip t o f th is  paper, 
w h ic h  is  k e p t in  th e  L ib rary  of th e  M am m als B esea rch  In stitu te  P A S  in B ia ło ­
w ieża .

T h e  p o stn a ta l d e v e lo p m en t of the hybrids' sk u lls  co u ld  n ot be fo llo w ed  due  
to la ck  of m ater ia l. T he d e ta iled  a n a ly sis  o f  the sh ap e o f hyb rid s' sk u lls  as w e ll  
as o f the h ered ity  o f  ca ttle 's  and  E uropean  b iso n ’s fea tu res w a s m ade on  the  
m a ter ia l o f a d u lt in d iv id u a ls .

T a k in g  in to  acco u n t th ree  m ea su rem en ts: E ct-E c t ,  O t - O t  and  th e  h e ig h t o f a 
sk u ll, w h ich  sh o w  th e  g rea test s ig n if ica n t  d iffe re n c es  b e tw e e n  th e  E uropean  bison  
and th e  ca ttle , I co m p iled  a  ta b le  o f a v era g e  d ifferen ces  in  th e se  m ea su rem en ts  
of a d u lt h yb rid s o f F lt B ,b os and  B 2bos g en era tio n s , as w e ll  as th e  yo u n g  ones  
o f B 3bos (th ere  w a s n o  a d u lt  in d iv id u a l) and  a random  sa m p le  p icked  o u t from  
the m ater ia l in  q u estion . T h e  sa m p le  c o n ta in ed : 6 (3,3) sk u lls  o f E uropean  b ison , 
3 sk u lls  o f  d o m estic  b la ck  and  w h ite  lo w la n d  c o w s an d  th e  b u ll R ich tje , w h ich  
w a s th e  fa th er  o f m o st o f  th e  b ack cro ss h yb rid s. T h e  n u m b er  of p icked  out sk u lls  
of E uropean  b ison  and  d o m estic  co w s w a s  lim ite d  in  order to  s im p lify  th e  ca l­
c u la tio n s  s in c e  th e  m a ter ia l w a s  rather h om o g en o u s (lo w  v a lu es  o f CV). A t the  
sa m e tim e, s ix  sk u lls o f  d o m estic  b u lls  w ere  q u ite  h etero g en eo u s (h igh C V  of 
m o st o f th e  m ea su rem en ts) and  th a t is  w h y  I p ick ed  o u t th e  sk u ll o f th e  one, 
w h ich  w a s c lo se ly  rela ted  to th e  hyb rid s. O bta ined  data  w ere  c la ss if ie d  b y  th e  
m eth o d  o f  sp a n n in g  tree  ordering , so -c a lle d  th e  m eth o d  o f  W roclaw  ta x o n o m y  
(P erk a l, 1958).

T h e  w h o le  stu d ied  m a ter ia l w a s co n sid ered  in  tw o  age  groups: y o u n g  in d iv id u a ls  
from  1 to 4 years old  a n d  th e  a d u lt on es, m o re  th a n  4 y ea rs old. In th is  paper, 
th e  term  sk u ll (c ra n iu m } m ea n s th e  w h o le  sk ele to n  o f  h ead  i.e. fac ia ! part 
(sp la n c h n o c r a n iu m ) and n eu ra l part (n e u r o c r a n iu m ) a fter  K rysiak  (1983). T he  
s ig n ifica n ce  o f th e  d iffe re n c es  in  th e  a v era g e  v a lu e s  o f  m ea su rem en ts and in d ices  
w as com pared  w ith  th e  S tu d en t t -te s t  fo r  in d ep en d en t groups.



T able  2
M ea su rem en ts o f  th e  sk u ll  len g th  in  hyb rid s b e tw e e n  E uropean  b iso n  a n d  th e  c a ttle  a n d  in th e  p a ren ta l form s. 
G en era tio n  o f h y b rid s: F , —  50"/» E uropean  b ison , 50®/o c a ttle ;  B ^ o s  —  25°/o E uropean  b ison , 75°/» ca ttle ;  B sbos —  
12.5"/o E urop ean  b ison , 87.5°/# c a ttle ;  B sb o s —  6.25°/« E urop ean  b iso n , 93.75"/« ca ttle .

G en era tio n
se x

F , M ales

F, F em a les

B t bos M ales

B, bos F em a les

Bo bos M ales

Bj Females

n (n am e)

F ilu tk a
F am a

5

F en ek
F e n y l

5

A ge,

(m th)
C -B B -P O p -P B r-O p N -O p N -R h N - P S t - B S t-P P -P m P m -P d .

60—156 X 557.2 525.8 580.0 46.0 260.4 226.2 332.4 213.0 313.4 156.0 151.0
SD 30.6 21.9 24.6 48.9 9.5 14.3 18.0 12.7 15.2 2.1 12.4
CV 5.5 4.2 4.2 106.2 3.6 6.3 5.4 6.0 4.8 1.4 8.2

12— 24 X 471.0 436.2 480.0 30.2 216.8 188.2 266.0 171.2 259.3 135.0 148.7
SD 10.5 9.0 15.5 4.9 6.0 10.6 11.7 9.1 9.5 6.6 10.1
CV 2.2 2.1 3.2 16.3 2.8 5.6 4.4 5.3 3.6 4.9 6.8

84 522.0 485.0 531.0 22.0 231.0 207.0 312.0 177.0 305.0 149.0 156.0
96 509.0 475.0 515.0 38.0 231.0 196.0 293.0 182.0 294.0 145.0 151.0

12— 24 X 471.2 438.4 474.2 32.2 207.2 196.8 273.2 172.4 268.4 137.8 140.2
SD 9.4 7.0 1.1 9.9 3.6 7.5 4.8 7.0 4.1 4.2 7.5
CV 2.0 1.6 0.2 30.6 1.8 3.8 1.8 4.0 1.5 3.0 5.4

48— 84 X 520.0 487.2 524.8 15.0 237.8 190.8 292.0 193.0 297.6 150.0 150.4
SD 15.2 12.2 24.4 5.5 11.9 18.3 17.6 8.6 7.1 6.7 10.6
CV 2.9 2.5 4.6 36.8 5.0 9.6 6.0 4.4 2.4 4.4 7.1

12— 48 X 490.2 453.7 4.88.3 18.5 228.2 182.2 268.2 180.3 277.3 134.0 152.7
SD 21.0 22.5 19.3 16.7 12.4 15.5 14.2 10.0 16.2 9.0 9.7
CV 4.3 5.0 3.9 90.4 5.4 8.5 5.3 5.6 5.8 6.7 6.4

48— 96 X 499.5 467.8 496.8 10.7 214.2 191.5 287.2 176.7 291.8 141.3 146.2
SD 10.2 7.5 16.1 6.8 14.7 9.6 4.3 6.7 5.5 1.9 5.3
CV 2.0 1.6 3.2 63.8 6.9 5.0 1.5 3.8 1.9 1.3 3.6

12— 48 X 434.3 401.3 443.5 10.0 205.8 170.0 252.8 157.0 243.5 120.0 133.0
SD 32.5 34.2 27.6 6.1 11.2 10.0 12.3 11.5 22.9 14.7 9.9
CV 7.5 8.5 6.2 60.5 5.5 5.9 4.9 7.3 9.4 12.3 7.4

48—69 X 511.7 486.7 509.7 10.3 223.3 193.5 288.7 190.0 297.0 146.0 150.3
SD 19.4 16.1 18.6 4.0 17.2 — 6.5 10.8 9.5 8.2 4.0

CV 3.8 3.3 3.6 39.1 7.7 — 2.3 5.7 3.2 5.6 2.7
16 440.0 403.0 457.0 37.0 213.0 — 243.0 170.0 240.0 126.0 146.0
27 500.0 457.0 500.0 10.0 237.0 183.0 268.0 196.0 267.0 134.0 139.0

48— 72 X 500:6 464.0 511.2 11.8 233.0 185.2 280.0 182.8 283.8 141.6 146.2
SD 19.1 25.3 30.6 8.9 18.1 13,3 14.5 7.7 17.3 10.9 5.0
CV 3.8 5.4 6.0 75.3 7.8 7.2 5.2 4.2 6.1 7.7 3.4

12— 48 X 462.8 427.6 469.8 18.2 214.8 176.8 261.6 174.0 267.2 130.8 142.6



SD 32.9 31.2 31.8
CV 7.1 7.3 6.8

B , bos M ale F e lik s 23 485.0 445.0 476.0
Bo bos F em a les 4 12— 36 X 417.0 384.5 421.0

SD 34.1 34.1 29.5
CV 8.2 8.9 7.0

C a ttle  M ales 6 ad X 504.6 478.4 521.4
SD 46.9 50.2 53.2
CV 9.3 10,5 10.2

C attle  F em a les 34 ad X 463.9 433.4 482.4
SD 16.9 17.1 18.0
CV 3.6 3.9 3.7

B iso n  M a les * 16 48— 264 X — 478.8 532.1
SD _ 14.6 15.2
CV — 3.0 2.9

P u la n 13 — — 387.0
3 12— 28 X

SD
— 386.7

27.5
1—

CV — 7.1 —
P u lk o w n ik 22 — — —
P leco tu s 28 — — 444.0

B iso n  F em a les  * 17 48— 324 X — 443.6 486.9
SD — 11.9 10.6
CV — 2.7 2.2

5 12— 36 X — 375.2 409.4
SD — 41.5 4B.9
CV — U . l 11.9

* a fter  E m p el, 1962



6.6 14.5 19.0 16.0 6.0 9.3 4.3 3.8
36.5 6.8 10.8 6.1 3.4 3.5 3.3 2.7
26.0 228.0 178.0 256.0 180.0 276.0 132.0 147.0
25.3 195.5 147.7 232.5 149.3 234.0 119.3 122.0

7.9 16.4 7.4 26.8 14.0 25.7 7.2 14.6
31.2 8.4 5.0 11.5 9.4 11.0 6.1 12,0
— 234.0 193.4 281.4 187.0 287.4 148.8 141.0
— 26.3 22.2 28.3 27.7 27.9 20.2 12.3
— 11.2 11.5 10.0 14.8 9.7 13.6 8.7
. — 221.0 173.5 264.4 165.4 269.9 133.2 129.1
— 11.9 11.1 13.3 7.8 12.3 6.5 9.1
— 5.4 6.4 5,0 4.7 4.5 4.9 7.1
— 256.1 184.7 298.9 188.7 292.8 145.5 140.9
— 11.8 9.0 11.3 10.9 8.1 4.9 5.1
— 4.6 4.9 3.8 5.8 2.8 3.4 3.6
— 205.0 — •— — — — —

— — 138.7 — 154.0 235.0 — —

— — 21.8 — 9.2 18.2 — —

— — 15.7 — 5.9 7.7 — —

— — — 236.0 — — — —

— 218.0 — 244.0 .— — 117.0 —

— 231.4 172.1 276.0 167.8 275.6 133.3 135.5
— 9.1 8.7 8.3 8.4 6.8 5.1 5.8
— 3.9 5.1 3.0 5.0 2.5 3.8 4.3
— 204.6 142.0 225.0 144.6 230.8 115.4 141.0
— 27.9 16.9 28.6 14.6 27.0 10.1 —

— 13.6 11.9 12.7 10.1 11.7 8.8 —

слen
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T a b ela  3

M easu rem en ts o f th e  sk u ll b readth  in  h y b rid s b e tw e en  E uropean b ison  and  the  
ca ttle  and  in th e  p a ren ta l form s. S e e  T a b le  2 for  a b b rev ia tio n s of h yb rid

g e n era tio n s  and  E uropean  b ison

G en eration , * p
sex  . f ? ’. E c t-E c tF s~ F s N m -N m O t-O t  S m - S m  A u - A u

n (n am e) (m th) zyB

F, M ales
5 60— 156 X 295.6 231.2 87.4 258.4 193.6 272.6 39.8

SD 15.6 8.9 3.0 18.8 17.5 22.2 9.5
CV 5.3 3.9 3.5 7.3 9.0 8.2 23.9

6 _ 12— 24 X 241.8 213.0 80.3 209.3 156.8 217.0 22.2
SD 8.0 6.8 6.1 8.3 5.2 8.7 3.3
CV 3.3 3.2 7.6 4.0 3.3 4.0 14.9

F, F em a les
F ilu tk a 84 241.0 189.0 61.0 217.0 165.0 218.0 31.0
Fam a 96 241.0 187.0 74.0 207.0 180.0 215.0 26.0

5 12—36 X 228.0 183.4 73.6 193.4 153.2 200.0 24.0
SD 7.4 7.7 4.0 1.5 3.3 3.5 1.7
CV 3.3 4.2 5.5 0.8 2.2 1.8 7.2

B[ bos M ales
5 48— 84 X 257.8 196.2 77.0 230.4 170.6 237.8 36.6

SD 20.2 14.8 11.2 19.3 9.9 21.6 9.1
CV 7.8 7.6 14.6 8.4 5.5 9.1 24.8

6 1 2 - 4 8 X 237.2 194.0 67.0 203.2 161.7 211.7 27.3
SD 9.9 6.9 3.9 13.1 11.6 11.4 6.3
CV 4.2 3.6 5.9 6.4 7.2 5.4 23.0

B, bos F em a les
6 48— 96 X 224.8 174.0 53.0 198.7 166.0 202.3 27.0

CV 4.3 6.3 18.3 4.9 3.9 4.4 16.0
4 12— 48 X 197.3 156.5 58.8 174.0 141.5 179.5 21.3

SD 7.7 6.6 10.4 12.1 11.2 10.4 5.3
CV 3.9 4.2 17.8 7.0 7.9 5.8 25.0

B , bos M ales
' 3 48— 60 X 263.7 203.7 85.0 236.7 183.7 242.3 34.7

SD 9.5 10.8 — 8.5 5.8 1.5 1.2
CV 3.6 5.3 — 3.6 3.1 0.6 3.3

F en ek 16 224.0 192.0 61.0 172.0 152.0 184,0 24.0
F enyl 27 271.0 227.0 79.0 216,0 180.0 230.0 33.0

B bos F em ales
5 48— 72 X 226.8 169.2 64.8 206.4 164.4 209.8 24.6

SD 12.2 11.3 11.1 8.0 5.7 10 1 5.1
CV 5.4 6.6 17.2 3.9 3.5 4.8 20.R

5

CCV*1C*T X 222.6 171.8 58.0 192,6 159.4 195.4 23.4
SD 14.4 14.2 6.6 7.3 8.0 6.5 3.9
CV 6.5 8.3 11.4 3.8 5.0 3.3 16.7

B nos M ale
F elik s 23 247.0 195.0 74.0 209.0 177.0 224.0 41.0

TV D e m a l e s
4 12—36 X 196.5 147.0 48.0 168.8 143.8 177.0 20 R

SD 15.3 12.6 3.5 14.2 13.1 9 8 4.9
C V 7.8 8.6 7.2 8.4 9.1 5.6 23.7

C attle  M ales
6 ad 239.0 186.7 08.5 218 8 170.5 2*4.2 27.7

s n 29.6 21.4 11.0 35.5 24.0 38.2 9 4
CV 12.4 11.4 16.1 16.2 14.1 17.1 34.0

co n tin ced  sn  p. 157
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T a b le  3. conclu d ed ,

C a ttle  F em a les
34 ad X 206.7 156.9 54.1 191.1 155.0 193.6 24.6

SD 9.8 7.6 4.7 8.9 9.3 10.1 4.3
CV 4.7 4.8 8.6 4.7 6.0 5.2 17.3

B iso n  M ales *
16 48— 264 X 315.8 251.1 100.6 252.9 183.2 248.5 35.5

SD 17.1 10.9 7.0 10.7 9.3 10.4 6.3
CV 5.4 4.3 6.9 4.2 5.1 4.2 17.7

3 12— 28 X 225.0 213.0 70.3 178.7 152.7 201.5 17.7
SD 17.7 — 12.7 14.7 16.6 31.4 2,5
CV 7.9 ____ 18.1 8.2 10.9 15.6 14.2

B iso n  F em a les  *
17 48— 324 X 263.8 212.1 81.8 208.1 168.3 208.0 24.6

SD 8.4 8.1 4.7 4.5 7.0 6.7 3.5
CV 3.2 3.8 5.7 2.2 4.1 3.2 14.1

5 12—36 X 204.0 182,0 65,0 164.6 141.5 177.5 15.4
SD 29.1 16.9 9.0 23.8 16.9 22.0 3.4
CV 14.3 9.3 13.8 14.5 11.9 12.4 21.8

3. R E SU L T S

3.1. G en era l P rop ortions o f S k u ll and its  Size

G eneral size  of a sku ll w as characterized  b y  tw o m easurem ents: basal 
length  (BP) and the breadth (E ct-E c t). The lon gest B P  w as found in 
m ature Fj hybrids (Table 2, 3), It w as sig n ifica n tly  longer than in  
European bison (p < 0 .0 0 1 ). In adult hybrids o f backcross generations BP  
w as sim ilar in length  to that observed in E uropean bison. B asal len gth  
of a sku ll in Fj m ales w as sig n ifica n tly  greater than  3 P  in the sk u lls  
of backcross hybrids (0 .0 2 < p < 0 .0 5 ) . In com parison w ith  the sk u lls  of 
the cattle  B P  w as d istin c tly  longer in  F t hybrids, but in  m ales the d if­
ference w as not sign ifican t, w h ile  in backcross hybrids it w as longer  
on ly  in fem ales (B ^ os: p < 0 .0 0 1 , and B2bos: 0 .0 0 1 < p < 0 .0 0 2 )  and in  
m ales it w as sim ilar to that o f the cattle .

In the m aterial of m ature in d iv id u als the sk u lls  of European bison  
w ere the broadest ones. The d im ension  E ct-E ct  in  the crania o f European  
bison w as s ig n ifica n tly  greater than that in  adult hybrids of a ll gen era ­
tions (F |: 0 .0 2 < p < 0 .0 5 ;  Bjbos and B 2bos: p < 0 .0 0 1 ) (Table 3}. In com ­
parison w ith  the cattle  the sk u lls  of Fj hybrids of both se x e s  and B ibos  
and B 2bos fem a les  w ere  broader ( F l  0 .0 0 5 < p < 0 .0 1 ;  Bjbos and B abos: 
p < 0 .0 0 1 ). Crania of Fj m ales w ere  sig n ifica n tly  broader than  those of 
backcross hybrids (0 .0 2 < p < 0 .0 5 ) . O f you n g  hybrids F 5 cow s had the  
longest, and broadest sk u lls w h ile  Bi bos m ales had the longest and Bzbos 
the broadest crania of a ll m ale h yb rid s (Table 2, 3).

Basal len g th  of a sk u ll in  m ature hybrids and European bison show ed  
sligh t in d iv idual v a r iab ility  (CV low er than 6%), w h ile  in  dom estic bu lls
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w h ich  w ere exam in ed  it  w as rather variab le (C V =10.5% ) {Table 2). In  
you n g  in d iv iduals of E uropean b ison and backcross h yb rid s th is  d im en ­
sion  sh ow ed  d istin ctly  h igher variab ility  than  in  m ature specim ens  
(Table 2). M easurem ent E ct-E ct  of adult E uropean b ison, F t and B 2bos 
h yb rid s also show ed  slig h t variab ility . H igher v a r iab ility  o f th is  m easu re­
m en t w as observed  in B jbos m ales and the h igh est in m ature dom estic  
b u lls. In the group of you n g  anim als the m easu rem en t E ct-E c t  sh ow ed  
slig h t v a r iab ility  in  Fj and Bjbos hybrids and the h igh est in  E uropean  
b ison  (T able 3).

The bread th -len gth  in d ex  (1) properly  characterized  the gen era l pro­
p ortions of a sk u ll (Table 4). The h igh est in d ex  w as found in  E uropean  
bison  and the lo w est one in  the cattle . The d ifferen ces in  the va lu e  of 
th is in d ex  betw een  European bison and the cattle  w ere  h ig h ly  sign ifican t  
(p < 0 .0 0 1 ). Of adult hybrids the h igh est v a lu es of th is in d ex  w ere  obser­
ved  in Fj, n ext in  B2bos and at la st in  B jbos hybrids, but the d ifferen ces  
b etw een  them  w ere not sign ifican t. A m ong young h yb rid s the an im als  
of B 2bos generation  show ed  inconsiderable h igher va lu es of th is in d ex  
in  com parison w ith  Fj and rem ain ing backcross h yb rid s (T able 4).

N on e of adult hybrids reached the va lu e  of b read th -len gth  in d ex  
w h ich  w as em braced in its range of E uropean bison  (the h igh est in d ex  
of Fj m ale  “F a ce t” —  59.4, the lo w est one of European b ison  —  60.9), 
Y oung F t hybrids and European bison  show ed  sim ilar  v a lu es  of th e  
in d ex , and the d ifferen ces appeared on ly  in  adult an im als. So in  
E uropean bison older than  4 years the sk u lls  grew  in breadth  m ore  
in ten siv e ly  than in  hybrids.

The b readth-length  index  in  all adult hybrids w as s ig n ifica n tly  low er  
than  in  European bison (p < 0 .0 0 1 ). O n ly  in  F i m ales it  w as h igh er in  
com parison w ith  the cattle  (0 .0 2 < p < 0 .0 5 ) . So, the gen era l proportions 
of h yb rid s’ sku lls w ere sim ilar to those of the ca ttle  rather, than  of 
E uropean bison, except for F t m ales, in  w h ich  th ey  w ere  in term ediate. 
No d istin ct d ifferen ces in  gen era l proportions of the sk u lls , w h ich  could  
be connected  w ith  the e ffec t of father or m other, w ere  found in  Fi 
hybrids, but th is m ight be due to the scarcity  in  F i m aterial.

T here w as a great var ie ty  in  the gen era l appearance of the sk u lls  of 
all hybrids. The sk u lls  o f Fj hybrids w ere  d istin c tly  larger (longer and  
broader) than those of backcross hybrids. Of F i m ales the sk u ll of 
“F a ce t” (P late VII, P h oto  1) w as m ost sim ilar to the E uropean bison  
one. T his bu ll w as the progeny of the cross c? E uropean b iso n X  2  bw l  
cattle . H ybrid “F ak ir”, w h ich  cam e from  the sam e com bination , had the 
lo n g est skull. Crania of F t cow s w ere lon g  and narrow . T h ey  d iffered  
d is tin c tly  from  the sk u lls  o f European bison (P late  VII, P hoto 2). The 
m ore sim ilar to th at of th e  ca ttle  (P late VIII, P hoto 3). M ost sk u lls  w ere
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lo n g  and slender (P late  VIII, P hoto 4). O nly four Bibos and B ibos m ales  
had com p aratively  broader crania (P late IX, P hoto 5).

T he sk u lls  of E uropean bison  w ere  s ig n ifica n tly  h igher than cattle  
sk u lls . In fem ales th is d ifferen ce w as h ig h ly  sign ifican t (p < 0 .0 0 1 ) (Table  
5). E m pel (1962) connected  the great h eigh t of sk u ll of adult E uropean  
bison w ith  the presence of tu beros i ta s  frontalis .  In  sp ite of a lack  of 
th is  tu b erosity  in  hybrids the sk u lls of Fj m ales w ere, on average, 
so m ew h a t h igher than those of European b ison (F t; 194.0 ± 6.8, E uropean  
bison: 191,4 ± 8 .9 ). In F t cow s and B jbos backcross hybrids of both se x e s  
h eig h t of the sk u ll w as sm aller  than  that in E uropean bison (Bjbos and  
c3 <5 B 2bos: 0 .0 0 2 < p < 0 .0 0 5  and $ 9  B 2bos: 0 .0 2 < p < 0 .0 5 ) . H ybrid fem ales  
had h igher sk u lls than dom estic cow s (B ^ o s  and B 2bos: p < 0 .0 0 1 ). Sk u lls  
of F i m ales w ere  d istin ctly  h igher than the ca ttle  sk u lls but the d if­
feren ce  w ere not sign ificant. In backcross hybrids the h igh t w as sim ilar  
to th at of cattle . T his m easurem ent show ed  rather low  in d iv idual vari­
a b ility  in  adult hybrids, E uropean bison, and dom estic cow s. O nly the  
sk u lls  of dom estic bu lls show ed  high variab ility  of th is m easurem ent. 
The coeffic ien t of variation  of th is dim ension in  young anim als is h igher  
than in adult ones (Table 5).

T he com parison show ed  that the sk u lls  of F i m ales w ere as h igh  as 
those of E uropean bison, w h ile  the crania of backcross m ales w ere  
sim ilar in  h eigh t to the ca ttle ’s ones. In cow  hybrids of all gen eration s  
the h eigh t of sk u ll w as in term ed iate b etw een  European bison and the  
cattle.

Taking into account the m easurem ents w h ich  s ign ifican tly  d iffer  
betw een  European bison and the cattle  (Ect-Ect, O t-O t  and the h e ig h t  
of a sk u ll, I counted the average d ifferen ces (see M aterial and M ethod) 
and then arranged them  b y  the W roclaw  taxonom y. A n an a lysis  o f the  
dendrite (Fig. 2) show ed  that the sk u lls  of Fj m ales w ere m ost sim ilar, 
in respect of breadth and h eigh t, to the E uropean bison’s ones. M ost 
backcross m ales w ere sim ilar in  th is  respect to th e  dom estic bull. H ow ­
ever, Fi cow s and m ost backcross fem ales had th ese  fea tu res in te r ­
m ediate b etw een  fem ales European bison and dom estic cow s. In you n g  
B3bos h eifers the features in  qu estion  show ed the greatest s im ilar ity  to 
those in dom estic cow s (Fig. 2).

The greatest capacity  of cauum  cranii  w as observed in F 3 hybrids. 
It ex ce lled  the data for both E uropean bison (0 .0 0 2 < p < 0 .0 0 5 )  and cattle  
(Table 5). This capacity  in  European bison w as sig n ifica n tly  greater than  
in cattle  (p < 0 .0 0 1 ) (Table 6). In  Bjbos hybrids of both sex es  and B 2bos 
fem ales the capacity  w as sim ilar to that in  E uropean bison. B u t in  
B abos m ales it w as sig n ifica n tly  sm aller (p < 0 .0 0 1 ). T he capacity  o f c a v u m  
cranii of backcross hybrids: B tbos m ales (0.01 < 0 .0 2 )  as w e ll as B jbos



T ab le  4

In d ices o f  th e  stru c tu re  o f  th e  sk u ll in  h yb rid s b e tw een  E uropean  b iso n  a n d  th e  c a ttle  and  in th e  p a ren ta l form s. 
S e e  T a b le  2 fo r  a b b rev ia tio n s  o f h yb rid s g e n era tio n s  and  E u ro p ea n  b ison . In d ice s: 1. E ct-E ctX IO O /B -P ; 2. S t n - S m X  100/ 
/ S t -P ; 3. B -StX IO O /S t-P ; 4. Sm -Sm X IO O /E ct-E ct; 5. S t - N X  100/S p h - B r ;  6. Sf-lVX IO O /Sf-P; 7. S p h - B r X  100/B -St; 8. O p- 
-N X 1 0 0 /B -P ; 9. O p -N X 1 0 0 /N -P ; 10. H C M X 100/B R M ; 11. B R M xiO O /Id-goc; 12. B . — L in e a  n u c h a e X i m / O t - O t .  S e e  te x t

fo r  th e  d e fin it io n s  o f  m ea su rem en ts .

Generation, Indices:
njnam e) A ge 1 2 3 4 5 6 7 8 9 10 11 12

M ales
F, 5 ad X 56.24 61.76 68.02 64.80 96.24 58.48 90.12 49.56 78.50 61.66 18.50 60.3

SD 2.72 4.84 4.03 3.11 11.95 3.07 7.64 1.76 4.67 7.28 1.27 2.5
CV 4.83 7.83 5.92 4.80 12.41 5.24 8.47 3.55 5.94 11.80 6.86 4.2

6 ju v X 55.62 60.51 65.34 67.20 88.90 56.78 100.60 49.94 81.58 — — 64.8
SD 1.53 2.15 2.52 1.53 — 2.43 — 1.52 2.81 — — —

CV 2.75 3.55 3.85 2.36 — 4.27 — 3.04 3.44 — — —
B t bos 5 ad X 52.92 60.40 64.84 68.80 87.82 53.42 P3.92 48.82 81.60 69.04 19.80 56.7

SD 3.95 3.98 2.43 2.58 3.76 1.57 4.16 1.71 5.02 3.26 0.94 5.0
CV 7.46 6.58 3.74 3.75 4.28 2.93 4.42 3.50 6.15 4.72 4.74 8.8

6 juv X 52.30 58.43 65.13 68,20 84.61 52.56 95.80 50.33 85.26 75.58 20.88 65.0
SD 2.07 5.00 3.97 4.71 5.64 1.49 5.04 2.59 5.76 2.82 0.61 6.0
CV 3.95 8.55 6.09 6.91 6.66 2.83 5.26 5.14 6.75 3.73 2.92 9.3

B 3 bos 3 ad X 54.20 61.93 64.03 69.30 84.30 50.33 93.50 45.83 77.33 71.30 20.06 54.1
SD 2.84 3.84 3.87 3.21 5.84 1.93 0.91 2.33 5.03 5.81 1.47 0.9
CV 5.23 6.20 6.04 4.60 6.92 3.83 0.97 5.08 6.50 8.14 7.32 1.6

F en ek ju v 55.60 63.30 70.80 67.80 82.40 58.30 100.00 52.90 87.70 82.70 22.70 72.1
F en y l ju v 59.30 67.40 73.40 66.40 78.90 56.20 96.90 51.90 88.40 70.60 22.00 63.4

B 3 bos F e lik s ju v 53.90 62.30 65.20 71.60 80.60 52.50 100.00 51.20 89.10 74.30 21.50 58.8
B iso n 16 ad X 65.68 — 64.83 58.50 110.40 56.93 — 53.46 85.78 53.44 15.49 54.0
bonasus * SD 2.38 — 3.68 2.29 3.65 1.45 — 2.30 4.85 6.17 1.54 2.6

CV 3.62 — 5.67 3.90 3.30 2.54 — 4.30 5.65 11.54 9.94 4.8
P u la n ju v — — — — — — — 57.70 — — — 65.4

3 juv X
SD
CV

58.20
2.00
3.43

—
65.60

1.99
3.03

P u łk o w n ik ju v ._. . ___, .— 54.70 — — — — — —

P leco tu s juv ____ ____ ,— , 54.00 — 56.10 — 54.50 89.30 — — 60.5
C attle 6 ad X 52.18 61.94 67.62 72.50 78.01 53.56 99.15 50.10 85.10 77.90 22.30 80 0

SD 2.48 1.29 2.62 2.60 5.97 1.24 4.21 1.35 1.52 5.17 0.20 8.0
CV 4.75 2.08 3.87 3.60 7,65 2.31 4.24 2.69 1.78 6.63 0.89 10.1



F,

B, bos 

B, bos

B bos

B iso n
bonasus1

C attle

F em a les
F am a ad 50.70 61.20
F ilu tk a ad 49.70 54,10

5 ju v X 52.04 57.10
SD 2.32 2.02
CV 4.45 3.53

4 ad X 48.06 56.86
SD 1.59 2.20
CV 3.30 3.86

4 ju v X 49.32 58.22
SD 2.31 3.09
CV 4.68 5.30

5 ad X 48.90 58.06
SD 1.24 3.33
CV 2.53 5.73

5 ju v X 52.18 59.68
SD 3.55 2.90
CV 6.80 4.85

6 juv X 51.12 61.57
SD 1.05 3.01
CV 2.05 4.88

17 ad X 59.47 —

SD 1.49 —

CV 2.50 —

6 juv X 54.22 —

SD 1.91 —

CV 3.52 —

34 ad X 47.79 57.41
SD 1.66 2.49
CV 3.47 4.33



61.90 74.70 98.70 52.40 85.70 48.60 78.80 66.20 18.90 58.4
58.00 68.50 103.10 54.10 90.40 47.60 74.00 69.80 18.20 57.6
64.24 67.00 91.80 53.64 87.30 47.30 75.86 — — 63.0

2.76 2.97 — 0.86 _ 0.97 1.51 — — ■ 2.9
4.29 4.43 — 1.60 — 2.05 1.99 — — 4.6

60.56 72.10 88.16 49,65 93.33 45.73 74.56 70.80 19.40 64.7
2.42 1.50 5.78 1.41 4.72 2.54 4.72 7.00 1.10 5.6
3.99 2.00 6.55 2.83 5.05 5.55 6.33 9.88 5.67 8.7

64.57 69.00 83.92 52.30 96.60 51.42 81.40 78.72 21.70 62.9
1.95 4.89 2.90 1.55 2.64 2.48 1.36 7.35 1.43 4.1
3.01 7.01 3.45 2.96 2.73 4.82 1.67 9.33 6.58 6.5

64.52 71.20 82.38 50.94 96.04 50.18 83,26 69.16 19.68 57.4
3.11 4.90 5.70 2.75 3.63 1.78 5.47 1.56 0.66 2.4
4.82 6.80 6.91 5.39 3.77 3.54 6.56 2.25 3.35 4.0

65.20 69.00 83.76 51.94 95.40 50.32 82.20 72.14 20.54 61.0
3.79 4.06 5.42 2.27 5.82 2.97 5.20 8.17 2.12 2.0
5.81 5.88 6.47 4.37 6.10 5.90 6.32 11.32 10.32 3.3

63.92 72.00 81.72 51.85 99.85 50.97 84.77 68.02 21.52 60.2
3.89 1.65 6.07 1.10 7.79 4.17 11.07 3.86 0.09 6.6
6.08 2.26 7.42 2.12 7.80 8.18 13.05 5.67 0.41 11.0

60.91 62.70 99.90 54.26 — 52.18 83,95 54.90 15.40 59.3
2.86 1.70 8.90 1.65 — 1.92 4.79 4.44 0.77 2.0
4.69 2.70 8.90 3.04 — 3.67 5.70 8.08 5.00 3.4

62.76 64.20 — 54.10 — 54.46 92.50 64.30 17.70 64.4
2.42 2.38 — 2.37 — 2.25 4.94 — 0.98 1.1
3.85 3.71 — 4.38 — 4.13 5.34 — 5.53 1.6

61.35 75.50 84.12 48.45 94.47 51.01 83.76 69.22 20.69 61.8
3.08 3.00 6.81 2.00 6.87 2.47 6.02 6.59 1.70 3.0
5.02 4.00 8.09 4.12 7.27 4.84 7.18 9.52 8.21 4.9
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T a b le  5

M easurem ents o f  th e  sk u ll h e ig h t in  h y b rid s b e tw e en  E uropean  b iso n  and  th e  
ca ttle  and  in p a ren ta l form s. A b b rev ia tio n s o f hybrid  g e n era tio n s  and  E uropean

b ison  a s  in  T a b le  2.

G en eration ,
sex ,

n(nam e)

A ge,
(m th)

H eig h t
of

sk u ll

B -Iin ea
nu ch a e S t - N S p h - B r B -O

H eig h t
o f

fo s s a
t e m p .

Fj M ales
5 60— 156 X 194.0 155.6 183.0 191,B 47.6 57.0

SD 6.8 6.0 7.2 17.6 2.4 6.5
CV 3.5 3.8 3.9 9.2 5.0 11.4

6 12— 24 X 173.0 139.0 147.2 180.0 46.0 47.5
SD — — 7.1 — — 6.8
CV — — 4.8 — — 14.3

F, F em ales
F ilu tk a 84 162.0 125.0 165.0 160.0 45.0 51.0
F am a 96 1 166.0 121.0 154.0 156.0 41.0 58.0

5 12— 36 X 167.6 121.8 144.0 158,0 40.4 54.2
SD 1.5 4.6 2.2 — 0.9 2.0
CV 0.9 3.8 1.5 — 2.2 3.8

B , bos M ales
5 48— 84 X 175.8 130.2 159.0 181.2 42.2 60.8

SD 5.5 9.1 5.9 8.1 2.8 10.3
CV 3.2 7.0 3.7 4.5 6.6 16.9

6 12—48 X 166.3 131.7 145.7 172.5 42.7 55.7
SD 9.1 11.2 6.6 7.7 2.7 5.2

CV 5.5 8.5 4.5 6.4 9.3
B. bos F em ales

6 48—96 ä 163.8 121.7 145.0 164.8 46.3 59.2
SD 7.6 3.7 6.6 9.4 8.6 3.2
CV 4.6 3.0 4.6 5,7 18.6 5.4

4 12— 48 X 148.8 109,3 127.3 151.5 41.3 52.0
SD 9.0 5.6 10.6 B.5 2.6 2.8
CV 6.0 5.1 8.3 5.6 6.4 5,4

B 4 bos M ales
3 48— 60 X 171.0 128.0 149.3 177.7 39.3 52.3

SD 11.8 2.6 1.2 11.7 3.8 5.5
CV 6.9 2.1 0.8 6.6 9.6 10.5

F en ek 16 161.0 124.0 140.0 170,0 33.0 52.0
F en y l 27 179.0 137.0 150.0 190.0 34.0 46.0

B s bos F em ales
5 48—72 X 167.6 118.4 144.4 175.6 44,0 62.0

SD 9.6 4.7 9.4 10.7 1.0 4.3
CV 5.7 3.9 6.5 6.1 2.3 6.9

5 12—48 X 160.0 117.2 138.6 166.2 39.0 58.4
SD 10.7 6.6 4.2 14.7 3.2 4.7
CV 6.7 5.7 3.0 B.B 8.3 8.0

B , bos M ales
F e lik s 23 178.0 124.0 145.0 180.0 42.0 56.0

B , bos F em a les
4 12— 36 X 140.0 102.0 121.3 148.8 36.3 56.0

SD 14.4 13.9 12,2 15.5 3.1 4.9
CV 10.3 13,6 10.1 10.4 8.4 8.7

C attle  M ales
6 ad X 174.5 126.2 145.0 185.0 39.0 63.3

SD 27.9 12.0 26.5 25.4 1.8 5.8
CV 16.0 9.5 18.2 13.8 4.7 9.1

co n tin u ed  o n  p. 163
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T ab le  S. co n c lu d ed

C a ttle  F em a les
34 ad X 150.6 117.8 130.7 156.1 39.1 64.1

SD 8.7 4.5 7.0 11.3 3.4 4.9
CV 5.8 3.8 5.3 7.2 8.8 7.7

B is o n  bon asu s * 
M ales

16 48— 264 a ' 191.4 136.1 166.1 155.5 39.9 17.3
SD 8.9 8.5 6.8 6.0 1.7 3.9
CV 4.6 6.2 4.1 3.8 4.3 22.8

3 12— 28 X 150.5 110.5 136.0 140.6 37.5 20.5
SD — — — 16.8 — —
CV — — — 11.9 — —

B iso n  bon osu s * 
F em a les

17 48— 324 X 176.0 123.4 149.5 142.5 39,7 20.1
SD 5.5 4.4 4.5 4.6 2.3 3.6
CV 3.1 3.5 3.0 2.1 5.7 18.1

5 12—36 a ' 150.2 106.2 128.0 123.6 38.6 20.2
SD 17.9 14.1 20.5 14.7 2.6 3 8
CV 11.9 13.3 16.0 11.9 8.7 19.0

and B 2bos fem ales (p < 0 .0 0 1 ) w as s ig n ifica n tly  greater as com pared to 
that of the cattle . O f you n g anim als B 3bos cow s had the sm allest, and  
B2bos m ales had the greatest capacity  of catm m  cranii  (Table 6). This 
m easu rem en t show ed  high variab ility  in  m ature m ale hybrids and in  
dom estic b u lls  as w e ll as in B 2bos cow s (C V = 1 0 .7 — 16.5), w h ile  in  
European b ison it  w as m oderate (C V = 6 .5 — 6.8). This variab ility  w as 
d istin c tly  low er in  young anim als. The d ifferen tia ted  CV indicates that 
the capacity  of ca vu m  cranii of d ifferen t hybrids, w hich  are 4 +  yrs, old, 
changes irregu larly .

The proportion of n eu rocran iu m  in  relation  to sp lanchnocranium  w ere  
rendered b y  the ind ices 4, 5, 9 (Table 4). The len gth  o f neurocran ium  to  
sp lanchnocran ium  ratio in adult European bison w as sim ilar to that of 
the ca ttle  (Table 4). In Fj hybrids sp lan ch n ocran iu m  w as longer than  
n eu rocran iu m , w hich  resu lted  in  the va lu e  of the index  9, w hich  was 
low er than  that observed  in the parental form s. S im ilar proportions w ere  
observed in  young F i hybrids (Table 4).

B readth ratio of both parts of cranium  (index 4) in  adult anim als  
show ed another pattern (Table 4). A verage  va lu e  o f th is index in  
European b ison d iffered  sign ifica n tly  from  that in the cattle  (p < 0 .001), 
because the breadth of n eu ro cra n iu m  in  relation  to the breadth of' 
sp lanchnocran ium  in  European b ison w as greater than that in  the cattle . 
The v a lu e  o f th is in d ex  in  all hybrids w as a lw ays d ifferen t from  Euro­
pean b ison ’s one. Of all hybrids, the Fj ones had the lo w est va lue of 
this index . It w as low er than that observed  in  the cattle  (0 .0 1 < p < 0 .0 2 ) ,  
but it is still s ign ifica n tly  h igher than  the va lu e  of th is index  typical
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of European bison (p < 0 .0 0 1 ), T he proportion of sp lanchnocran ium  to 
n eu rocran ium  w as sim ilar in  hybrids of d ifferen t generations. The com ­
parisons show ed that the proportion of the breadth of sp lanchnocranium  
to neurocran ium  in all hybrids assum ed in term ed iate  va lu e  b etw een  those  
observed  in  the sk u lls of European bison and the cattle , a lthough this 
ratio approxim ated  rather the va lu e  characteristic  of the cattle than  of 
European bison. This fea tu re  w as not v ery  m uch variab le  in m aterial 
studied . In young an im als the ratio o f sp lanchnocran ium  to neurocran ium  
breadth w as rather sim ilar in m ales, on ly  in  B 3bos m ale sp lanchnocranium  
w as re la tiv e ly  broader. H ow ever, sp lanchnocran ium  of Fj fem ales w as 
re la tiv e ly  narrow er than  those of rem ain ing cow  hybrids (Table 4).

The h eigh t proportion b etw een  sp lanchnocran ium  and neiirocram um  
(index 5) of E uropean bison d iffered  s ig n ifica n tly  from  the c a tt le ’s 
(p < 0 .0 0 1 ) (Table 4). It resu lted  from  the fact that the height of sp lan ­
chnocranium  in European bison ex ce lled  that of neurocranium ,  contrary  
to the cattle. In F t fem ales th is index  w as alike that of European bison 
fem ales, in F £ m ales it w as in term ediate  b etw een  European bison (index  
5 w as sign ifican tly  low er, p < 0 .0 0 1 ) and the cattle  (0 .0 2 < p < 0 .0 5 ) . In 
adult m ales it w as v ery  m uch  variable (C V =12.4% ). In backcross hybrids  
the va lu es of in d ex  5 w ere  low er than  th ose  in  Fi ones but not sign ifican t, 
w hich  evidenced  that their  sk u lls  becom e sim ilar in  the proportions to 
the ca ttle ’s. The above m entioned  proportions of both parts of skull 
w ere sim ilar in  you n g  h yb rid s and ad u lt ones (T able 4).

P resen ted  above com parisons of the shape and the proportions b etw een  
both parts of sk u ll ev id en ced  that the size ratio b etw een  sp lanchnocra­
n iu m  and neurocranium  in Fi hybrids assum ed in term ediate  b etw een  
European bison and the cattle . Splan ch n ocran iu m  of Fi hybrids w as longer, 
broader, but low er in  relation  to neu rocran iu m  than that of European  
bison. It w as also narrow er and h igher in  com parison w ith  those of the  
cattle. In backcross h yb rid s the size proportion of both parts of a skull 
w as sim ilar to that of Fi hybrids, but th ere  w as a ten d en cy  to the chan­
ges tow ard the features w h ich  are typ ical of the ca ttle ’s  skull.

3.2. D orsa l W all o f  a  S k u ll

D orsal w alls of the sk u lls  of all hybrid  gen eration s w ere bordered  
from  the back w ith  su iura  fron toparie ta l is ,  ju st as in  the cattle , and w ith  
processus nasales ossium  nasalium  from  the front, as opposed to European  
bison in  the sk u ll of w h ich  hind border of calvaria is form ed b y  linea 
nuchae  (Em pel, 1962). A t the h ind  one third len gth  of calvaria stick  out 
on both sides n u li  orb ita les .  Processus cornuales  grow  to the sides from  
close to the h ind m argin  of calvaria.
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m en ts are g iv en  ip  th e  te x t  (p. 149— 153).
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3.2.1. C la va r ia

In the sk u lls of a ll hybrid generations ca lvar ía  w as form ed en tire ly  
of ossa frontalia ,  such as in the cattle  crania, but u n lik e  in  European  
bison, in  w hich calvaría  w as com posed of ossa fron ta lia  nad of os in te r ­
parie ta le  un ited  w ith  ossa parieta lia  (Sokolov, 1953, 1963; H eptner e t al., 
1961; Em pel, 1962; K rysiak, 1983). In the cen tral part o f ossa fron ta lia  
m ost low land European bison had a node, w h ich  Em pel (1962) called  
tuberositas frontalis. This node w as absent in the cattle . It w as not 
observed  in  an y  of the hybrid  skulls, either.

A n u li orbitales of adult European b ison d istin ctly  stuck  out to the  
sides, w hich  d ifferen tia ted  sk u lls of E uropean bison from  the cattle  
(Sokolov, 1953; H eptner et al., 1961). O nly  in  the sk u lls  of F , m ales  
an u li orb itales d istin ctly  stuck  out to the sides, a lthough lesser  than those  
of European bison. In backcross hybrids th ey  w ere form ed  just as in  
the cattle.

Frons  of F] hybrids show ed in term ed iate size b e tw een  those of Euro­
pean bison and the cattle. B oth  breadth d im ensions of frons  (E ct-E c t , 
Fs-Fs) in  Fi hybrids w ere sm aller  than in European b ison (0.02<Cp<C0.05 
and 0 .0 0 K p < 0 ,0 0 2 ) ,  but th ey  w ere  greater than  in the cattle  
(0 .0 0 2 < p < 0 .0 0 5 ) , w h ile  its len g th  (JV-Op) w as sim ilar in  these three  
form s. In backcross hybrids frons  w as shorter and narrow er than in 
E uropean bison. In m ale hybrids its size  w as sim ilar to that of the  
cattle, in  cow  hybrids it  w as broader. T he greath  d ifferen ce  b etw een  
both breadth dim ensions of frons resu lted  from  the occurrence of d is­
tinct narrow ness behind orbits. T his fea tu re , w h ich  w a s typ ica l of 
European bison, w as observed, a lthough less so, in  F i hybridry, but it 
did not occur in backcross hybrids. O f you n g hybrids B ibos and B 2bos 
m ales had the lon gest frons and F i hybrids and B 2bos m ales had the 
broadest ones (Table 2, 3).

The ratio: sagital length  of frons  to basal len gth  of a sk u ll (index 8) 
on ly  inconsiderab ly  differed b etw een  European bison, the cattle  and 
both adult and you n g hybrids (Table 4).

3.2.2. P ro cessu s C ornu ales

The situ ation  of processus cornuales  on the sk u ll of European bison  
d estin ctly  d iffered  from  that of the cattle . In the ca ttle  processus cor­
nuales  grew  on the top border of p la n u m  fronta lis .  T h ey  w ere d irected  
to the side, usually  h orizon ta lly  (K rysiak, 1983). P rocessus cornuales  of 
European bison grew  m ore rostral then those of the cattle , before h ind  
m argin  of calvaría  and in the m iddle of the d istance: órbita  —  l inea  
nuchae. E m pel (1962) d istingu ished  tw o typ es of processu s cornuales  in
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E uropean bison —  the curved  and the straight ones. P rocessus cornuales  
of Fj hybrids grew  nearer the hind m argin of caiuaria than in the  
E uropean bison, ex cep t for one F 3 bull. This fea tu re  show ed a great 
in d iv id u al variab ility . Processus cornuales  of F t hybrids w ere  situated  
m ore rostral than those of the cattle . In backcross hybrids th ey  usu a lly  
g rew  close to the h ind  m argin of calvaria ,  ju st as in the cattle  (P late  
IX , P h oto  5).

P ro tu beran tia  in tercornualis  w as typ ica l of the cattle  (P oplew ski, 1947; 
K rysiak , 1983). In Fj hybrids it w as poorly  developed , w h ile  in  B ibos 
h ybrids it show ed high individual variab ility . In the extrem e cases it 
could  be underdeveloped  or pushed above p la n u m  nuchale  as torus. In 
B 2bos generation  the sku lls in  th is respect s im ilar to the cattle's (presence  
o f torus) grew  in num ber. In the sk u lls  of you n g  B sbos hybrids p ro tu ­
beran tia  in tercornualis  w as poorly developed .

In hybrids the shape of processus cornuales show ed  high ind iv idual 
variab ility . In th is respect Fj hybrids w ere  v e r y  m uch alike European  
bison. Their processus  cornuales  ran to the sid es and th ey  w ere curved  
upw ards in relation  to the frontal p lane (P late  VII, P hotos 1, 2). P roces­
sus cornuales  of Fi bull “F ilip  (P late  IX, P h oto  6) w ere m ost sim ilar  
in shape to those of European bison, a lth ou gh  th ey  grew  at the back, 
just as in the cattle. In B (bos hybrids processus  cornuales  ran to the  
sid es and upw ards just as in  European bison (P late  VIII, P hoto 4) or to 
the sides and forw ard just as in the cattle  (P late  IX, P hoto  5). P ro ces­
sus cornuales  of m ost B 2bos and B3bos hybrids ran to the sides and 
forw ard alike the cattle. The shape and the se ttlin g  of processus cornuales  
on calvaria  w ere  v ery  m uch d ifferen tia ted . O ne could observe the cases 
w ith  processus cornuales  sim ilar in shape to European bison ones, but 
settled  in the m anner typical of the cattle.

Processus cornuales  of m ature Fi hybrids and E uropean bison w ere  
sim ilar in size. In F £ m ales on ly  the circu m feren ce of horn core base 
w as sim ilar to that of the cattle, rem ain ing d im ensions w ere  sign ifican tly  
greater (0 .0 2 < p < 0 .0 5 ) . A ll d im ensions of processus cornuales  w ere  
greater in F t fem ales than in  dom estic cow s. P rocessus cornuales  of 
backcross hybrids w ere sm aller  than th ose of F! hybrids. In Bjbos and 
B2bos hybrids on ly  the greatest spread of horn cores w as sign ifican tly  
low er than that in European bison (0 .0 2 < p < 0 .0 5  and 0 .0 0 2 < p < 0 .0 0 5 , 
respectively).

In backcross cow s all d im ensions of processus cornuales  w ere s ig n ifi­
can tly  greater than those in  the cattle  w h ile  in m ale hybrids th ey  w ere  
alike the ca ttle ’s  (Table 6). In you n g Fj hybrids the d im ensions of 
processus cornuales  w ere  greater than those of backcross generations  
(Table 6).



T able  6

M ea su rem en ts o f processu s c ornuales  and  ca p a c ity  o f  c a v u m  crani i  in  
h yb rid s b e tw e en  E uropean  b ison  and  th e  ca ttle  and  in  p a ren ta l form s. 
S e e  T ab le  2 for  a b b rev ia tio n s  o f h yb rid s g en eration s. E x p l.:  1 —  H orn  
co re  len gth  m easu red  a lo n g  e x tern a l cu rv e; 2 — T he g rea te st spread  
o f  horn  cores; 3 —  C ircu m feren ce  o f horn core b ase; 4 —  C ap acity  o f

cavum  cranii .

G en era tio n  
& sex

n,
nam e

Age,
(mth)

M easu rem en t  
1 2 3 4

F, M ales 5 60— 156 X 289.4 646.0 251.0 826.0
SD 25.7 45.2 36.7 88.8
CV 8.9 7.0 14.6 10.7

6 12— 24 X 222.5 522.3 204.7 850.0
SD 41.2 52.8 11.3 —

CV 18.5 10.1 5.5 —

F, F em ales F ilu tk a 84 184.0 425.0 175.0 —

F am a 96 226.0 450.0 179.0 720.0
5 12— 36 X 218.4 414.5 159.4 —

SD 15.2 34.1 5.8 —

CV 6.9 8.2 3.6 —

B L bos M ales 5 48— 84 X 231.0 568.5 204.4 692.0
SD 36.7 64.6 17.6 114.1
CV 15.9 11.4 8.6 16.5

6 12— 4 B X 221.2 509.7 212.5 590.0
SD 25.2 55.6 16 6 20.0
CV 11.4 10.9 7.8 3.4

Bi bos F em a les 6 48— 96 X 222.0 427.5 161.3 635.0
SD 58.7 51.3 20.8 28.8
CV 26.5 12.0 12.9 4.5

4 12— 48 X 132.8 325.5 131.3 535.0
SD 25.1 18.6 13.3 23.8
CV 18.9 5.7 10.1 4.4

B s bos M ales 3 48—60 X 263.3 528.5 214.3 560.0
SD 24.1 16.1 3.8 60.8
CV 9.1 3.0 1.8 10.5

F en ek 16 145.0 425.0 174.0 540 0
F en y l 27 251.0 590,0 215.0 750 0

B 8 bos F em a les 5 48— 72 X 181.8 402.0 160.4 648 0
SD 29.0 55.6 23.8 74 6
CV 15.9 13.8 14.9 11 5

5 12—48 X 206.5 365.3 147.8 532 0
SD 49.0 130 2 26 2 27.7
CV 23.7 35.6 17.7 5 2

B 3 bos M ale F elik s 23 182.0 480.0 187 0 500 0
B 3 bos F em a les 4 12— 36 X 87.3 270.8 103.R 490.0

SD 15.9 44.7 15.5 26.5
CV 18.2 16,5 14.9 5.4

C a ttle  M ales 6 9d X 184.2 478.7 205.8 555 0
SD 74.1 121.9 53.9 62.8
CV 40.2 25.5 26.2 11.7

C a ttle  F em a les 34 ad X 145.8 349.9 123.0 526 5
SD 32.1 47.8 18.7 47.7
CV 22.0 13.7 15.2 9.1

B iso n  M ales * 16 48— 2o4 X 251.3 656.5 296.8 721.5
SD 36.8 51 9 18.7 48 R
CV 14.6 7.9 8.3 6.8

3 12— 28 X 162.8 455.5 155.5 600.0
B iso n  F em a les  * 17 48— 324 X 159.9 473.9 172.6 655.0

SD 31.5 35.1 12.4 42.3
CV 19.7 7.4 7,2 6.5

5 12—36 X 157.5 390.4 126.4 526.0
SD 36.4 49.4 12.5 39.1
C V 23.1 12.7 9.9 7.4
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N early  in the w h ole analyzed  m aterial the m easurem ents of processus 
cornuales  show ed  the high variab ility , greater than other cranial d im en ­
sions. Horn core len gth  m easured along ex tern a l curve in  F t hybrids  
show ed m oderate variab ility  w h ile  it w as v e r y  m uch variable in  back­
cross hybrids, E uropean bison, and dom estic cattle  (Table 6). The co ef­
fic ien t of variation  of the greatest spread of horn cores ind icated  m o­
derate variab ility  in young and m ature Fj hybrids and adult European  
bison as w e ll as high variab ility  in  backcross hybrids and the cattle . 
T he circum ference o f horn core base show ed  high v a r iab ility  in  F¡ 
hybrids, the cattle , and backcross cow s and m oderate va r ia b ility  in  
E uropean bison and backcross m ales.

3.2.3. D orsum  N asi

There w ere no sign ifican t d ifferen ces in the len gth  of ossa nasalia  
(N -R h ) b etw een  European bison and cattle . Ossa nasalia  of Fj hybrids  
and backcross cow s w ere  sig n ifica n tly  lon ger  (Fj and European bison: 
p < 0 .0 0 1 ; Fi and the cattle: 0 .0 2 < p < 0 .0 5 ;  Bibos: p < 0 .0 0 1 , and Babos 
0 .0 2 < p < 0 .0 5 ) . In m ale backcross hybrids N -R h  w as sim ilar in length  
to those o f European bison and th e  cattle . In adult hybrids th is  m eas­
urem ent show ed  m oderate variab ility  but it w as v ery  m uch variab le  
in  dom estic bulls. In young B 2bos hybrids and European bison  CV w as 
higher than in  m ature anim als.

C ontrary to the length , the breadth o f ossa nasaiia (N m -N m ) w as  
sign ifican tly  greater in E uropean b ison than  in the ca ttle  (p < 0 .0 0 1 ). In 
F , hybrids th is d im ension w as sm aller  than in  European bison (p^CO.OOl) 
but greater than in the cattle  (0 .0 0 5 < p < 0 .0 1 )  (Table 3). In backcross 
hybrids ossa nasalia  w ere narrow er than  in  Fi h yb rid s and their breadth  
only inconsiderab ly  ex celled  the va lu es typ ica l of the cattle. In young  
hybrids Fj d o rsu m  nasi  w as longer and broader than in  backcross hybrids  
and European bison (Table 2, 3). In m ature Fj hybrids N m -N m  show ed  
slight variab ility , in  European bison it w as m oderate and in backcross 
hybrids of both sex es  it becam e h igh . The v a r iab ility  of th is d im ension  
w as higher in  m ost young anim als than in m ature ones (Table 3).

The com parison show ed that d orsu m  nasi  w as d istin ctly  longer in F| 
Hybrids than in  their parents, and its breadth w as in term ediate . In 
backcross hybrids the proportions of th is  portion of the sk u ll w ere  
sim ilar to those of F¡ hybrids, but th ey  trended  tow ards the proportions 
typical of the cattle .

3.3. P lan u m  N u ch al?

There w as substantial d ifferen ce  in  the form of p la n u m  nuchale  
betw een  European bison and the cattle . In the cattle  its cen tra l part 
was com posed of squam a occipita lis ,  from  above it w as bordered by



170 M. K rasiń sk a

in terconnected  ossa parie ta lia  and os in te rpar ie ta le ,  the low er part w as  
com posed of par tes  la tera les  o ss iu m  p a r ie ta l iu m  w ith  processus m a s to id e i 
ossium  tem p o ra l iu m  on their sides. On the border line b etw een  p lanum  
jro n ta le  and planum  nuchale  lay  p ro tu beran tia  in tercornualis  (P o p lew ­
ski, 1947; K rysiak, 1983). H ow ever, in European bison p la n u m  nuchale  
was com posed of squam a occip ita lis and pa r te s  la tera les  ossis  occip italis  
as w e ll as processus m a s to ide i  oss ium  tem pora liu m .  The top border w as  
delim ited  by linea nuchale  (Em pel, 1962).

Plan u m  nuchale  in all hybrids w as com posed of id en tica l bones as in  
the cattle  (P late  X , P hoto 7), and nuchal part of ossium  p a r ie ta l iu m  
show ed various degree of reduction  (P la tes X , X I, P h otos 8, 9, 10). So  
that, in hybrids one could observe the v er tica lity  of postcornual part of 
the skull, i.e. the feature of a sk u ll characteristics of the cattle . N uchal 
parts of ossium  parietalium  w ere developed  b est in F i hybrids and oc­
cupied 1/3 to 1/4 area of p lanum  nuchale.  In  backcross hybrids the re ­
duction of th ese parts in ten sified , though in d iv idual variab ility  of this 
feature w as v ery  high.

The upper m argin of planum  nuchale  in hybrids, just as in the cattle , 
w as form ed by pro tu b era n tia  in tercornualis .  It w as poorly  developed  in  
Fi hybrids (P late X , Photos 7, 8) and w e ll d evelop ed  in B* hybrids  
(P late X I, P hotos 9, 10).

The breadth of planum  nuchale  m easured as the breadth of occiput 
(Ot-Ot, Table 3) in m ature E uropean bison w as h igh  s ig n ifica n tly  greater  
than in  the cattle (males: 0 .0 ( )K p < 0 .0 0 2 ;  fem ales: p < 0 .0 0 1 ). In Fi 
hybrids th is dim ension w as som ew hat greater than in E uropean bison  
(Table 2). In backcross hybrids, excep t B 2bos fem ales, O t-O t  w as s ig n i­
fican tly  sm aller  than in European bison (p<C0.05) but it w as incon­
siderab ly  greater than in the cattle . A m ong you n g anim als the breadth  
of occiput in F, hybrids, B 2bos cow s, and B 3bos bu ll w as greater than  
in European bison. The variab ility  of th is m easurem ent w as m oderate  
or low , excep t for young anim als, in  w h ich  it w as h igher than in m ature  
specim ens and in  the cattle.

The h eigh t of occiput (B  —  Imea nuchae)  w as h igh est in  m ature Fi 
m ales. It considerably  exceed ed  those of E uropean bison, the cattle , and  
backcross hybrids. In these last the height of occiput on ly  inconsiderably  
exceeded  that of the cattle. In you n g anim als th is d im ension  w as h ighest 
in F , hybrids of both sex es. In all you n g hybrids, excep t B 3bos cows, 
it ex ce lled  the data of European bison. So, it can be concluded  that oc­
ciput grew  to h eigh t and to breadth  at d ifferen t rates in European bison  
and in hybrids. In th is m aterial the h e ig h t of occiput show ed  low  or 
m oderate variab ility , excep t you n g B ribos cow s and you n g European  
bison, in w hich it w as rather high.
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T here w ere  d istinct d ifferen ces in the shape of occiput betw een  m a­
ture m ale European bison and the ca ttle  (in d ex  12, Table 4). In the 
sk u lls  of dom estic bu lls the occiput w as h igher in  relation  to its breadth, 
contrary to E uropean bison (index  12 w as sign ifican tly  h igher in dom estic  
bulls, p < 0 .0 0 1 ). The shape of occiput in  Fi m ales w as in term ediate  
b etw een  parental form s (index 12 w as sig n ifica n tly  low er than in  do­
m estic bu lls and h igher than in E uropean bison, 0 .0 0 1 < p < 0 .0 0 2 )  (Table 
4). In adult m ale backcross hybrids the shape of occiput w as sim ilar  
m ore to European bison’s than to the ca ttle ’s. T here w ere no distinct  
d ifferen ces in  the proportions of occiput in adult fem ale  European bison, 
dom estic cow s, and fem ale hybrids. In the crania of m ost young hybrids  
and European bison index  12 w as h igher than in  adult anim als. It 
evidenced  that in  m ature an im als the breadth of occiput (O t-O t) grew  
m ore in ten siv e ly  than its height. High ind iv idual variab ility  of the index  
under d iscussion  could be observed in dom estic bu lls and B 3bos cow s  
(C V >10% ).

3.4. P aries  L a te ra l i s

On this cranial surface the form  of tw o e lem en ts d istin ctly  differred  
betw een  E uropean bison and the cattle . T h ey  w ere  orbit and /ossa  
tem poralis .  In European bison fossa tem pora lis  w as long and narrow  
(slot-shaped) and in older ind ividuals it w as m ark ed ly  narrow ed as an 
e ffec t o f increasing  processus cornuales  (Em pel, 1962). S ince in  European  
bison processus cornuales  stuck  out before the h ind m argin of the  
calvaria,  a fragm ent of fossa tem pora lis  on the la teral w all w as v isib le  
behind processus cornualis. In the cattle  fossa tem poralis w as short and 
broad, bordered from  the top en tire ly  b y  os frontal (P late X II, Photo 11). 
In F! hybrids one could observe great in d iv idual d ifferen ces in the shape  
of fossa tem poralis. In three in d iv iduals (“F ilon ” , “F ilip ”, "Filutka”) 
w hich m other w as European bison it w as sim ilar to fossa tem poralis o f 
European bison (P late XII, P hoto 12), w h ile  in  the progeny of dom estic  
cow and European bison (“F a cet”, “F ak ir” , “F arad”, “Fam a”) it w as  
sim ilar to thatof the cattle  (P late X III, P hoto 13). In m ost backcross 
hybrids the shape of /o ssa  tem pora lis  w as sim ilar to that, observed in  
the cattle  sk u ll, a lthough there w ere som e ind ividual d ifferen ces in the  
breadth, len gth  and the situation  of th e  narrow ing (P late  X III, Photo 14).

The h e ig h t of fossa tem pora lis  in  all m ature hybrids w as sim ilar to 
that of the cattle  (Table 5), and it w as alm ost three tim es as high as 
in European bison. The heigh t of fossa tem pora lis  show ed high variab ility  
in m ale hybrids, n everth eless it w as low er than the variab ility  of this 
dim ension observed in European bison. In young anim als h igh variab ility  
of this m easurem ent occurred in  F 3 m ales and in European bison.
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3.4.1. O rb iia

C ontrary to the ca ttle  (P late  XII, P hoto 11) o a u li orb ita les of European  
bison stuck out far aw ay  to the sides. A m ong hybrids on ly  m ature F i 
m ales had telescop ic orbits sim ilar to those of European bison (P lates X II, 
X III, Photos 12, 13), though th ey  w ere poorer developed . In backcross  
hybrids, excep t for one B ibos bull (P late X III, P h oto  14), th is fea tu re  
got atrophied.

3.5. B asts

A deta iled  description  o f the form  of basal len g th  of a sku ll (BP) is  
given  in section  3.1. It w as greatest in F , hybrids. T he len gth  proportion  
o f neurocran ium  basis to sp lanchnocran ium  basis (index 3, Table 4) w as  
sim ilar in  all hybrids and parental form s.

L ength  of m ax illa ry  toothrow  P 1 to Ma w as greatest in the sk u lls of 
Fj hybrids. In backcross cow s it w as also greater than in European bison  
and the cattle  (Table 2). T he dim ension of cranial basis show ed  low  or 
m oderate variab ility  (C V = 2 .7 — 8.7), excep t young B 3 cow s (Table 2).

3.6. M andib le

There w ere d istin ct d ifferen ces in  the form  of m andible b etw een  
European bison and the cattle , a lthough its len gth  did not d iffer  s ig ­
n ifican tly . Corpus m an d ib u la e  and ra m u s  m an d ibu lae  of European bison  
w ere low er than  those of the cattle  ( p < 0.001). B oth  ind ices w hich  char­
acterized  the proportions o f m andib le (10, 11 —  T able 4) w ere s ig n ifi­
can tly  greater in  the ca ttle  than in European bison (p < 0 .0 0 1 ).

In this m ateria l ad u lt F 3 hybrids of both sex es  had the longest m an­
d ib les (Id-cm ). T hey exceed ed  the d im ensions of m andib les of the cattle , 
European bison (p <  0.001), and backcross h yb rid s (sign ificant d iffer ­
ences observed on ly  in  m ales: 0 .0 2 < p < 0 .0 5 ) . A lso  m andible of fem ale  
backcross hybrids w as sign ifica n tly  longer than that of Euronean bison  
(B.bos: 0 .0 1 < p < i0 .0 2 ; B 2bos: 0 .0 2 < p < 0 .0 5 )  and the cattle  (Bibos: 
p < 0 .0 0 1 , and B 2bos: O.OOKp<O.0O2). In young anim als (there w as no 
F i m aterial) the lon gest m andib les w ere  observed  in  m ale European  
bison and Bjbos fem ales (Table 7). The length  o f m andib le show ed low  
variab ility , it w as h igher on ly  in young European bison (Table 7).

In all backcross h yb rid s the h eigh t of ram us m andibulae (C m -g o v ) 
w as sign ifican tly  greater than in European bison  (p < 0 .0 0 1 ). T here w ere  
no distinct d ifferen ces in th is dim ension b etw een  F , and Bjbos hybrids 
and the cattle . In Babos hybrids the heigh t of ram us m an dibu lae  ex -
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ceeded  that of the ca ttle  (G .0 1 < p < 0 .0 2 ), The variab ility  of th is d im ension  
w as m oderate in  adult hybrids and European bison w h ile  it w as rather  
h igh  in cow  hybrids and the cattle .

H eight of s y m p h y s is  m an d ib u la e  (Id-gov)  in  Fj hybrids, E^bos and  
B2bos m ales w as sim ilar to that of European bison and sm aller than in  
the ca ttle  w h ile  in B ibos and B 2bos fem ales it exceed ed  that of the  
ca ttle  (0 .0 0 2 < p < 0 ,0 0 5 ) . It w as the m ost variab le  d im ension  of m an ­
dib le , and in  adult hybrids and parental form s it w as particu larly  high. 
O nly  in you n g  fem ale hybrids it w as m oderate (Table 7).

T a b le  7

M ea su rem en ts o f  m a n d ib le  in hyb rid s b e tw een  E uropean  b ison  and  the ca ttle  and  
in  p a ren ta l form s. S ee  T ab le  2 for a b b rev ia tio n s o f  h yb rid s gen era tio n s and E uropean  

bison . D e fin itio n s  o f  m ea su rem en ts are g iv en  in  th e  tex t.

G en era tio n ,
sex ,

n(n am e)

A ge,
(m th) id -c m Id -goc C m - g o v Id -g o v R R M HCM

P, M ales
5 GO— 156 X 473.4 441.9 167.4 148.5 133.7 81.7

SD 16.9 19.3 13.1 20.8 13.7 4.4
CV 3.6 4.4 7.8 14.0 10.2 5.3

Ft F em a les
F ilu tk a 84 438.5 406.5 164.5 155.5 106.0 74.0
F am a 96 432.5 409.5 170.5 122.0 117.0 77.5

Bj bos M ales
5 48—84 X 443.7 419.2 167.9 152.2 120.4 83.0

SD 11.8 10.8 13.9 23.3 7.9 4.8
CV 2.7 2.6 8.3 15.3 6.6 5.8

6 12—48 X 412.3 385.6 167.2 139.1 106.6 80.4
SD 18.7 17.9 13.4 17.2 6.2 2.1
CV 4.5 4.7 8.0 12.3 5.8 2; 6

B, bos F em a les
6 48 96 X 422.9 401.6 170.6 152.1 110.4 77.8

SD 9.5 7.3 13.7 22.3 6.7 4.1
CV 2.2 1.8 8.0 14.7 6.1 5.2

4 12—48 X 355.5 331.8 137.0 115.3 91.5 72.1
SD 19.8 22.1 14.7 8.7 3.7 8.3
CV 5.6 6.7 10.7 ■7.5 4.0 11.5

B s bos M ales
3 48—60 X 427.5 406.8 182.3 151.7 114.5 81.5

SD 4.3 10.1 10.4 13.9 5.3 5.0
CV 1.0 2.5 5.7 9.2 4.6 6.1

F en ek IS 367.0 345.5 139.0 140.5 95.0 78.6
F en y l 27 404.5 382.5 170.0 148.5 119.0 84.0

B2 bos F em a les
5 48 72 5c 426.2 402.5 175.1 157.4 114.7 79.2

SD 22.6 20.0 11.1 22.3 9.2 4.7
CV 5.3 5.0 6.3 14.2 8.1 6.0

5 12— 48 X 410.3 388.2 164.8 145.0 110.7 79.4
S D 25.1 21.5 8.7 13.3 9.0 5.2
CV 6.1 5,5 5.3 9.1 8.1 6.5

co n tin u ed  on  p, 175
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T a b le  7. conclu d ed .

B , bos M ale
F elik s 23 418.5 391.0 151.5 182.5 113.0 84.0

B 3 bos F em a les
4 12— 36 X 350.9 336.6 124.0 122.6 106.6 72.5

SD 27.7 24.7 23.2 9.1 5.2 5.4
CV 7.9 7.3 18.7 7.4 4.9 7.5

C a ttle  M ales
92,03 ad X 439.3 412.3 168,7 172.0 118.7

SD 26.8 26.3 29.3 30.1 14.0 6,1
CV 6.1 6.4 17.3 17.5 11.8 6.6

C a ttle  F em a les
40 ad X 386.4 368.7 155.5 129.5 110.5 76.3

SD 23.8 21.4 15.3 15.3 8.8 7.4
CV (i.l 5.8 9.8 11.8 8.0 9.7

B iso n  M ales  *
16 48— 264 X 435.6 410.9 125.7 153.2 119.6 63.6

SD 11.6 12,1 8.0 16.3 9.6 6.1
CV 2.7 3.0 6.4 10.6 8.0 9.5

F ulan 13 319.0 350.0 96.0 142.0 — —
P u łk o w n ik 22 355.0 361.0 105.0 141.0 — —

B ison  F em ales *
17 48—324 X 410.3 387.8 120.9 135.6 108.9 59.8

SD 9.1 8.3 a.5 16.8 5.8 3.0
CV 2.2 2.1 7,1 12.4 5.3 5.0

5 12—36 X 341.4 326.8 101.0 141.5 98.0 64.5
SD 43.0 39.6 8.5 20.1 — —
CV 12.6 12.1 8.4 14.2 — —

H eight of corpus m a n dibu lae  b eh ind  Bs (HCM) in h yb rid s w a s dis­
tin ctly  greater than in  European bison (Fj, B ibos and B ibos fem ales: 
p < 0 .0 0 1 , B 2bos m ales: 0 .0 0 2 < p < 0 .0 0 5 ) . In com parison w ith  the cattle  
the heigh t of corpus m a n d ibu lae  of on ly  m ale hybrids w as inconsiderably  
sm aller  (sign ificant d ifferen ce  in  F! m ales: 0 .0 2 < p < 0 .0 5 ) . This d im ension  
show ed m oderate v a r iab ility  in  adult an im als, it w as h igher on ly  in  
young B ibos hybrids.

T here w ere no sign ifican t d ifferen ces in the breadth of ra m u s  m a n ­
dibulae  (B R M ) b etw een  adult European bison, the cattle , and backcross 
hybrids. This d im ension  w as greater on ly  in  F] m ales in  com parison  
w ith  that of European bison  (0 .0 2 < p < 0 .0 5 )  and it  sh o w ed  h igh  vari­
ab ility  in  Ft m ales and dom estic bulls, w h ile  in  rem ain in g  an im als the  
variab ility  w as m oderate or low . I had both m andib les of h yb rid s at m y  
disposal and I found  that th e y  w ere asym m etrical. O nly  in  12 cases (of 
59 ones exam ined) the d im ensions o f both m andib les w ere  alm ost id en ­
tical. In rem ain ing h yb rid s the le ft and the right m andib les d iffered  
in both their h eigh t and len gth .

It w as in terestin g  that both  d im ensions, w h ich  d istin c tly  differred  
b etw een  European bison and the cattle  (HCM and C m -g o v ) ,  in  hybrids  
w ere sim ilar either to those of E uropean bison (Fi hybrid  “F ilon ”)
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or to the ca ttle ’s (“F a cet” —  P la te  X IV , P hoto 15) or one d im ension  
w as sim ilar to that of E uropean bison  and another to the cattle  (other 
Fi hybrid  —  P late  X IV , Photo 16). In backcross hybrids the shape of 
m andib le grew  m ore and m ore sim ilar  to that of the cattle  as the 
percentage of cattle  blood increased  (P late  X IV , P h oto  16). O f B ibos  
hybrids four anim als and th ree in d iv id u als o f B ibos generation  had low er  
carpus m an d ibu lae  (P late X IV , P h oto  17) but it w as s t ill  h igher than in  
E uropean bison. In you n g Bsbos hybrids the proportions of m andible  
w ere sim ilar to those of the cattle .

The com parison, presented above, show ed  that European b ison ’s m an­
dib le w as characterized  b y  low er corpus m an d ib u la e  and, in  m ales, by  
sm aller  h e ig h t of sy m p h y s is  m a n d ibu lae  than  those of the cattle . The 
d ifferen ces in  the len gth  w ere  rather sm all. H ybrids’ m andibles, e s ­
p ec ia lly  those of F, hybrids, w ere  longer than th ose of European bison  
and the cattle  w h ile  their h eigh t of sym p h ysis approxim ated the ca ttle ’s. 
H ow ever, in backcross m ales and F , hybrids the h eigh t o f sy m p h y s is  
m andibu lae  w as rather alike in European bison.

3.7. S e x u a l D im orphism

Taking into account absolu te va lu es of cranial d im ensions published  
b y  Em pel (1962) I ascertained sign ifican ce o f d ifferen ces in average  
m easurem ents of m ale and fem a le  skulls. S ign ifican t d ifferen ces w ere  
found in the fo llow in g  m easurem ents: O t-O t, Ect-E ct, Fs-Fs, Nm-Wm  
and the greatest spread of horn cores (p < 0 ,0 0 1 ), w hich confirm ed the 
earlier conclusions of Em pel (1962). Most of rem ain ing m ean m easure­
m ents of m ale E uropean b ison ’s sk u ll w ere  also greater than those in 
fem ales. H ow ever, in you n g  m ale European bison an ly  tw o m easurem ents  
—  the capacity  of ca vu m  cranii  and the horn core base circum ference  
w ere sign ifica n tly  greater than those in  fem ales (0 .0 2 < p < 0 .0 5 ) , w hich  
ind icated  that the dim orphic d ifferen ces in  sk u ll of European bison  
developed  w ith  age.

Most cranial d im ensions of dom estic bu lls w ere greater than those of 
cow s, a like E uropean bison. The greatest s ign ifican t d ifferen ces w ere  
observed  in  the fo llow in g  m easurem ents: horn core base circum ference, 
Fs-Fs, Ect-Ect, N m -N m , S p h -B r ,  the greatest spread of horn cores, O t-O t,  
and the h eigh t (p < 0 .0 0 1 , T ables 2, 3, 4, 5, 6).

In the sk u lls o f Fj hybrids the d ifferen ces related  to the sex  w ere  
v isib le  earlier than in European bison. In tw o -y ea r-o ld  m ale Fj hybrids  
the m easurem ents E ct-E ct  and Fs-Fs  w ere sig n ifica n tly  greater than  
those in  fem ales, w h ich  w as not so v isib le  in  the sk u lls of European  
bison. In adult F] hybrids the greatest d ifferen ces related  to the sex
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w ere found in the fo llow in g  dim ensions: E ct-E ct, Fs-Fs, O t -O t ,  N m -N m ,  
the h eigh t o f a sk u ll and the greatest spread of horn  cores so that alike  
parenta l form s.

In you n g Bjbos m ales the d im ensions of a sk u ll w ere, in  general, 
greater than those of fem ales. In  you n g  anim als the grea test d ifferen ces  
w ere observed in  the m easurem ents: the greatest spread o f horn  cores 
and the circum ference of horn  core base (0 .0 0 5 < p < 0 .0 1 ) , sm aller  ones 
in  the breadth and the len gth  of a sku ll ( 0 .0 K p < 0 .0 2 )  as w e ll as in 
its h eigh t (0 .02< fp < 0 .05 ).

In the group of young B 2bos hybrids som e d im ensions w ere  greater  
in m ales. T hey w ere: the breadth  E ct-E ct  and Fs-Fs, the cap acity  of a 
skull, the circum ference of horn core base, and the greatest spread of 
horn cores. In adult B 2bos m ales the m easurem ents: S m - S m ,  O t-O t ,  
E ct-E ct  (0 .0 0 5 < p < 0 .0 1 )  and th ree m easu rem en ts of processus cornuales  
(0 .0 1 < p < 0 .0 2 )  w ere sig n ifica n tly  greater than those in fem ales. M ost 
dim ensions of you n g B 3bos m ale w ere greater than the analogous d i­
m ensions of fem ales.

T he form ation of sex u a l d im porhism  in the sk u lls  of ad u lt anim als  
could be in vestigated  b y  an a lysis  of d endrite (Fig. 2), on the basis of 
the sim ilarity  in the m easurem ents of breadth  (E ct-E c t , O t-O t)  and the  
h e ig h t of a sk u ll. D istinct d iv ision  of se x e s  on the basis of th ree m easu re­
m en ts w as observed  in  adult European bison, F i hybrids, and in  the  
cattle  as w e ll as in you n g  B 3bos hybrids. In  B ibos and B 2bos hybrids  
the d iv ision  of sex es  on the basis of th ese m easurem ents w as possib le  
on ly  in  som e anim als. This resu lted  from  the fact that backcross cow s  
had re la tiv e ly  large sk u lls, w h ich  dim ensions exceed ed  those of dom estic  
cow s.

To sum  up, it can be said th at the m ost d istin ct d ifferen ces in  the  
size of a sku ll w hich  w ere  connected  w ith  sex  and w h ich  occurred in  
hybrids and parental form s referred  to the breadth  of a sk u ll and p la n u m  
nuchale  as w e ll as to the size of processus cornuales.  The d ifferen ces in  
sk u ll’s breadth w hich  w ere connected  w ith  se x  d evelop ed  earlier  in life  
in  hybrids than  in  European bison. This indicated  d ifferen t rates of 
developm ent of the sk u lls in  th ese anim als.

4. D ISC U SS IO N

In the evo lu tion ary  process o f Bovinae  irons has grow n longer and  
broader and postcornual part of the sk u ll has been  transform ed. T hese  
transform ations proceeded d ifferen t w ays in d ifferen t p h y lo g en etic  bran­
ches of the groups: Zison , B ibos,  and Bos, w h ich  resu lted  in  creation  
of d ifferen t form s. In B ison lin e  the d ivergance of a sk u ll found  ex p res-
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T a b le  8

C olla tion  of the age (in m onths) o f th e  ea r lie st  fu ll o b litera tio n  of su tu - 
rae  ca p itis  in  hyb rid s b e tw een  E uropean  b iso n  and  th e  c a ttle  and in  
p a ren ta l form s. A b b rev ia tio n  of h yb rid  g en era tio n s as in  T a b le  2; B 3 
hybrids — o n ly  a n im a ls  1— 2 y ea rs a v a ila b le ; D ata  fo r  ca ttle , a fter  Kry~ 
s ia k  (1975). A bb.; E.b. — E uropen  b iso n , a fter  E m pel (1962); 1 — la tera l;  

m  —  m ed iu m ; a — anter ior; p  — posterior.

S u tu ra e Fi
H ybrid  g en era tio n  or sp ec ies  

B i bos B 4 b o s  B , bos E.b. C attle

D o r su m  n a s i

S. in tern a sa li s 8 7 ____ ____ 22
s. n a so fro n ta l i s  1 6.5 — — — 14

m 1 1 . 0  — — — —

C a lv a r ia

s. p a r ie to fr o n ta l i s  1 6.5 2.5 4.2 2 5
m 5.5 2.5 2.2 2.2 5

s. f ro n ta l i s  a 8 — — — 7— 12
rn 6.5 4.5 — — 6
P 5.5 2.5 4.2 — 6

P la n u m  nu ch a le
s sq u a m o so o cc ip ita lis 5.5 3 2.5 2.2 3
s. o c c ip i to m a s to id ea 5.5 4 4.2 — 5 4— 5

Fossa t e m p o ra l i s
s. p a r ie to fro n ta l i s 5.5 — — — 12
s. p a r ie to te m p o r a l i s 5.5 7.5 — — 9
s zy g o m a  t ico fron ta l is 5.5 4.5 — — 6

O r b i ta

s. f ro n to la c r im a l is 5.5 5.5 — 2.2 14
s. sp h en o fro n ta l i s 5.5 5.5 — -  - 14

F acies fac ia l is

s. l a c r im o m a v i l la r is ____ — — — — 10— 15
s. z y g o m a t ic o la c r im a l  is 5.5 — 4.2 — 6 7— 8
s. z y g o m a t i c o m a r i l l a r i s 8 — — — 14 10— 15
s. f ro n to la c r im a l is 5.5 — — — — 7— 8

sion in  sligh t shorten ing of postcornual part of the sk u ll, in broadening  
of iro n s and in horizontal situ ation  of regio parie ta lis ,  w hich  is of in ­
terparieta l type. The postcornual part of the sk u ll has changed  m ost of 
all in  the Bos  line. Their calvaria  is com posed en tire ly  of elongated  ossa 
frontalia ,  w h ile  postcornual part of the skull, w h ich  is v ery  m uch short­
ened , gets vertica l and it lie s  in  the sam e p lane as occiput. In Bos  the  
top border of calvaria  is form ed b y  p ro tu beran tia  in tercornualis  w hich  
in tercon n ects the base of horn cores w h ile  in Bison linea nuchae  form ed  
th is border (Sokolov, 1953).

I a ttem pted  to in vestiga te  the trend of h ered ity  of cranial characters. 
In the sk u lls of hybrids of a ll generations the fea tu res w h ich  w ere  typ i­
cal o f Bos  d istin ctly  prevailed . T h ey  w ere v e r t ic a l ly  of postcornual
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part of the sku ll and the reduction of nuchal parts of ossium  parie ta lium ,  
although in  hybrids it w as less reduced than in cattle . In backcross 
hybrids the size  of th is  region grew  sm aller as the percentage of c a ttle ’s 
blood increased. In hybrids also calvaria  w as com posed en tire ly  of ossa 
frontalia ,  a like the cattle. In sk u lls  of ju ven ile , hybrids originating from  
the A skania N ova regio  parie ta lis  w as sim ilar to that of the cattle  
(B ogoljubskij, 1935). The form  o f regio par ie to -occ ip ita l is  approxim ated  
that observed  in European bison sk u ll as the age o f th ese hybrids in ­
creased (A ndreeva, 1935). B t hybrids of the A skania N ova, in  th is respect, 
w ere  alike cattle .

M ost of featu res of sk u lls  of Fj hybrids from  B ia łow ieża  w ere  in ter­
m ediate b etw een  those of E uropean b ison and the cattle , but som e of 
them  w ere alike European b ison and other w ere  sim ilar to those of the  
cattle . In Fj m ales the general proportions of a sk u ll as w e ll as the 
va lu e of sp lanchnocran ium  to neu rocran iu m  ratio w ere  in term ed iate  
b etw een  parental form s. In Fj hybrids of both  se x e s  the size of frons  
and th e  breadth  of ossa nasalia  w ere  also in term ediate  as w e ll as the  
h eigh t o f a sk u ll in fem ales of a ll hybrid  generations. In F* h yb rid s of 
both  se x e s  the sim ila r ity  w ith  E uropean bison appeared in  the breadth  
of occiput, the size of regio par ie ta lis ,  and in  the shape of processus  
cornuales.  In F t m ales it appeared in  an arching of anuli orb ita les ,  as 
w ell. A lso  the h e ig h t of s y m p h y s is  m a n d ibu lae  in  Fj hybrids and back­
cross m ales w as m ore characteristic  of European bison than of th e  cattle.

H ow ever, the sim ilarity  w ith  the cattle  apart from  m entioned  above  
v ertica lity  of postcornual part of the sku ll and form  of the calvaria,  
appears in general proportion of a sk u ll in Fi fem ales and backcrcss  
hybrids as w ell as in the height of fossa tem p o ra l is  in  all hybrids. M ost 
of rem aining cranial d im ensions in backcross hybrids approxim ated those  
o f the ca ttle  and th is s im ilar ity  increased as the p ercentage of cattle  
blood grew  higher.

S im ilar regu larities could be observed w h en  com paring the structure  
of hybrid ’s sku ll w ith  the form  of its w h ole  body. The form  of F i 
h yb rid ’s body w as of in term ediate charater and som e of featu res w ere  
inherited  from  E uropean bison w h ile  other from  the cattle , just as in  
its  skull. The bodies of F] m ales had m ore fea tu res a like European bison, 
just as it w as observed in  their  sk u lls. The heads of Fi m ales sh ow ed  
in term ediate form  w h ile  the heads of fem ales w ere  alike the ca ttle ’s, 
w hich  w as in accordance w ith  the observations of general proportions 
in  hybrid  sku lls. E xterior s im ilar ity  w ith  the ca ttle  increased  in  back­
cross hybrids as the percentage of ca ttle  blood grew  h igher (Krasińska,. 
1969, 1971b, 1979b).

Ju ven ile  sk u lls  of hybrids of the A skania N ova w ere sim ilar to the
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c a ttle  sk u lls  a lthough the d ifferen ces in  th e  sk u ll form  b etw een  hybrids, 
European bison, and the cattle  w ere considerab ly  sm aller  in new -born  
ca lves than  those in  older an im als (B ogoljubskij, 1935). In tw o  older 
Fi hybrids of the A skania N ova the h eigh t of fossa  tem poralis, the  
breadth of nasal bones and the shape of horns show ed  d istinct dom ina­
tion of ca ttle  features. In hybrids from  B ia łow ieża  th is last fea tu re ap­
proxim ated  that of European bison. A lik e  backcross hybrids of B ia ło ­
w ieża, in  tw o  B ibos hybrids of the A sk an ia  N ova the sk u ll form  w as  
sim ilar to the ca ttle ’s, but som e d im ensions w ere greater than those of 
the cattle .

Cranial d im ensions of one m ature Fj cow  of the A skania N ova  
(“G alka” , <$ European bison X ę  grey  U krain ian  breed o f cattle) w ere  
sim ilar to those observed in  hybrids of B ia łow ieża , on ly  her frons  w as  
broader. The d im ensions o f th e  sk u lls  of B ibos h yb rid s of th e  A skania  
N ova w ere sim ilar to those of analogous h yb rid s of B iałow ieża, o n ly  the  
breadth of frons (Ect-Ect)  and the h e ig h t of occiput (B-linea nuchae)  
w ere  greater.

The sk u lls  of adult hybrids of B ia łow ieża  w ere re la tiv e ly  hom ogeneous, 
not v ery  d ifferen tia ted  m aterial. The coeffic ien ts of variation  (CV) of 
m ost m easurem ents w ere low er than 6%. The dom estic bu lls exam ined  
w ere d ifferen t in th is respect. M ost of their  m easu rem en ts had h igh  CV, 
w hich  indicated , am ong others, that the m ateria l w as v ery  m uch d if­
feren tiated . In hybrid crania on ly  d im ensions o f processus cornuales,  
the h eigh t of fossa tem pora lis ,  the capacity  of ca v u m  cranii  of m ale  
sk u lls and som e dim ensions of m a n dibu la  show ed  h igh  variab ility . The 
cranial d im ensions of you n g an im als w ere  m ore variab le  in m ost cases  
than th ose of adult ones. This phenom enon w as observed as w e ll in  
European b ison (Em pel 1962; K obryńczuk  & Roskosz 1980) as in  other  
m am m als (B uchalczyk  & R uprecht, 1977; R uprecht, 1974).

In hybrid  crania,  w hich  w ere rather h om ogeneous m aterial in  respect 
of linear d im ensions, occurred m an y  d ifferen ces w hich  could not be 
expressed  in  num bers. T h ey  m ay refer, i.e., to on ly  one bone w ith  som e  
features inherited  from  European bison and others from  the cattle , just 
as in  the case of m andib le or processus cornuales  ossium  fron ta lium .  
H igh v a r iab ility  w as observed in the shape of fossa  tem pora lis  and in  
the d evelop m en t of pro tu b era n tia  in tercornualis .  A lso v e r t ic a l ly  o f post- 
cornual part of the sk u ll inherited  from  ca ttle  goes together w ith  d if­
ferent degree of d evelopm ent or reduction  of nuchal parts of ossium  
parie ta lium .  European bison features of a sk u ll (E ct-E c t , HCM, the shape  
of processus cornuales)  w h ich  w ere observed  in som e backcross hybrids, 
apart from  F) hybrids, could be inherited  o n ly  b y  s in g le  ind iv iduals of 
a g iven  backcross generation . So that, the com parison of average values
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of the d im ensions did not form  a proper pattern of the d ifferentiation  
of cranial fea tu res in h erited  from  E uropean bison or from  the ca ttle  in 
hybrids of all generations. It also in d icates that the h ered ity  o f these  
features is v ery  m uch com plicated. It w as found that the sk u lls  of 
Ft hybrids grew  faster  in  early  you th  of th ese  an im als of European  
bison. It refers to m ost d im ensions of len gth , breadth, and  the height 
of a skull. A lso  d im ensions o f processus cornuales and  m ost of 
m easurem ents of m a n díbu la  (except for Id -G o v)  w ere  greater in  12— 24 
m onth  old F i hybrids than in European b ison  o f the sam e age. The 
com parison of linear d im ensions in the sk u lls of adult an im als ind icates  
the d ifferen ces in  the rates of grow th  b etw een  hybrids and European  
bison. The breadth of a sku ll (Ect-Ect, Fs-Fs, N m -N m ) and the size of 
occiput w ere sign ifica n tly  greater in adult E uropean bison than  those 
in  hybrids, contrary to the young an im als. It ev id en ces that the skull 
grew  in breadth m ore in ten siv e ly  in  European bison w h ich  w ere  older 
than 4 yrs than in hybrids. It rem ains in  accordance w ith  E m p el’s (1962) 
observation w hich  su ggests that som e d im ensions of European bison skull 
increase even  in  an im als m ore than 5 years old. D uring the earliest 24 
m onths of life  the rate o f grow th  w as faster  in  hybrids than  in the 
parental form s, or it  is at least as in ten siv e  as that of the cattle . A dult 
Fj hybrids exceeded  both parental form s in b od y size. Their constitution  
approxim ated the proportions of the cattle  rather than o f European  
bison, a lthough there w ere m an y  in term ediate fea tu res (K rasińska, 1969). 
So, it can be concluded that the faster rate of grow th  of F! hybrids  
during the early  sta g es of postnatal d evelop m en t can be the feature  
inherited  from  the cattle  or it is an e ffec t of h eterosis.

Som e sim ilarities as w e ll as d ifferen ces b etw een  hybrids, European  
bison and the ca ttle  w ere  v is ib le  in  the rate of ob literation  of sk u ll’s 
sutures. In hybrids of all generations, just as in  European bison (Em pel, 
1962) and the cattle , the su tures of p ianum  nuchale  o ssified  earliest of 
all (Table 7). Such  an early  ob literation  could be observed in  backcross 
hybrids in  respect to som e su tures on the calvaría.  T he sutures: in ter-  
nasalis, nasofrontalis (pars media)  and lacrom axil lar is  o ssified  in hybrids  
alike in  parental form s i.e. sporad ically  or la te  in  age. In backcross 
hybrids the ob literation  of the su tu res on the surfaces o f fossa  tem ­
poralis, orbita , facies facialis  occurred earlier in  life  than the ob literation  
of these su tu res in parental form s.

H eterosis is one of th e  m ost in terestin g  phenom ena w h ich  accom panies  
hybridization. It can appear in the changes o f m etabolism , faster rate of 
grow th , in large body size or greater p rod u ctiv ity  etc. In general, h e te ­
rosis w as observed in  hybrids of first generation . In a ll F i hybrids  
b etw een  European bison  and the cattle, obtained  so far, it w as d istin ctly



S k u lls  o f E uropean  b iso n  X ca ttle  h yb rid s 181

v isib le . H ybrids bodies in  both the b ir th -w eig h t and the w eig h t of adult 
anim al exceed ed  those of the parental form s (K arcov, 1903; Iw an ow  & 
P h ilip tsch en k o , 1916; K rasińska, 1969; M ałecka e t  al., 1976; M ałecka & 
Sum ińsk i, 1976). The great w eigh t o f body w as related  to the increase  
in  the w eig h t of in ternal organs (K rasińska & P ilarsk i, 1977; P y te l et al., 
1977), m u scles (Szulc et al., 1971) and sk in  (P ietrzykow sk i & K rasińska, 
1971). The h eterosis of body size and its  w e ig h t w as not observed  in  
m ost backcross hybrids. M erely th ree ca lv es  of B ibos generation  had 
greater b irth -w eigh t (K rasińska, 1971b). H eterosis w as also recorded in  
the form  of crania of F t hybrids just as in the consitu tion  of their bodies. 
M ost cranial d im ensions of you n g F] h yb rid s w ere  greater than those 
of E uropean bison and backcross hybrids. In adult Fj hybrids the base  
of a sk u ll, m andible ( Id-CM)  and ossa nasalia  w ere longer and the ca­
p acity  o f ca vu m  cranii  w as greater than those of E uropean bison and 
the cattle . In F a m ales also the h eigh t of occipu t  w as d istin ctly  greater  
than  that in  European bison and the cattle . It is in terestin g  that the 
crania  o f tw o F i hybrids of the A skania  N ova w ere  not larger than the 
rk u lls of parental form s (A ndreeva, 1935). H ow ever, in  A skanian  back­
cross hybrids m any of cranial d im ensions w ere  greater than in the cattle  
(A ndreeva, 1935). In the m ateria l from  B ia łow ieża  th is phenom enon w as  
c bserved  in  Bjbos and B2bos cow s.

T he m ateria l for craniom etric analysis o f hybrids cam e from  h yb rid i­
zation b etw een  European bison and d ifferen t breeds of cattle, so it w as  
n et hom ogeneous in respect of origin. A lso  m any age classes w ere not 
represented  in  it because of the need for other stu d ies on these anim als. 
H ybrids of the A skania N ova w ere the progeny of European bison and 
g rey  U krain ian  and M etis-S im en tal cow s, w h ile  the rem aining hybrids 
cam e from  black and w h ite  low land and the P o lish  red breeds of cattle. 
A ll backcross hybrids of B ia łow ieża  w ere the progeny of black and w hite  
low land bulls. Som e of backcross hybrids had the blood of on ly  black  
and w h ite  low land cattle, others had the blood of both black and whitfe 
low land and the P olish  red breeds. C raniom etric an a lysis has not 
revealed  an y  featu res of the sk u ll related  to the breed  of cattle  crossed  
w ith  European bison. The d ifferen ces in the sk u lls  b e tw een  hybrids of 
the A skania Nova and those of B ia łow ieża  resu lted  rather from  individual
variab ility  than from  the d ifferen ces in  the breeds of dom estic cattle
vh ich  w ere  hybridized w ith  E uropean bison.
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M ałgorzata  K R A S IŃ S K A

K R A N IO M E T R Y C Z N A  ZM IEN N O ŚĆ  K S Z T A Ł T U  C Z A SZ K I H Y B R Y D Ó W  Ż U B R A  

Z BY D Ł E M  DOM OW YM  W P O R Ó W N A N IU  DO FO R M  W Y JŚCIO W YC H

S treszczen ie

B a d a n ia  w y k o n a n o  n a  59 (28, 31) czaszk ach  h y b ry d ó w  żubra z  b y d łem  d o m o w y m  
rasy  czp  i ncb  o rosn ącym  u d z ia le  k rw i b y d ła  od 50®/» do 93,75®/». Z w ie rz ę ta  te  
r ep rezen to w a ły  4 p o k o len ia  h y b ry d ó w : F s (50®/» b y d ło , 50®/o żubr), B ,b o s (75®/o byd ło , 
25°/o żubr), B jbos (87,5®/o byd ło , 12,5®/» żubr), B 3bos (93,75®/o byd ło , 6,25®/o żubr). 
S zczeg ó ło w ą  a n a lizę  p o ró w n a w czą  p rzep ro w a d zo n o  na czaszk ach  o so b n ik ó w  d o ­
rosłych  (T abela  1), D o p oró w n a ń  w y k o n a n o  w y m ia r y  40 (6, 34) czaszek  b y d ła  d o ­
m o w ego , a  z  litera tu ry  za czerp n ię to  d a n e  d la  żubra (E m pel, 1962). N a  k ażdej  
czaszce  w y k o n a n o  34 p om iary  (Ryc. 1), k tó re  u ży to  do w y lic z e n ia  12 w sk a ź n ik ó w  
(T abela  4). C zaszki d orosłych  h yb ry d ó w  w y k a zu ją  m ałą  zm ien n o ść  w y m ia r ó w  lin io -
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w y ch  (C V < 6 0/»). S p o ty k a  s ię  jed n a k  zró żn ico w a n ia  w  stru k tu rze  czaszk i hyb ryd ów , 
których  n ie  m ożna w y r a z ić  pom iaram i.

U  h yb ry d ó w  F, w  b u d o w ie  czaszk i za zn acza  s ię  e fek t h etero zji, p rzeja w ia ją cy  
s ię  w  w ięk szej n iż  u żubra i bydta d łu g o śc i p o d sta w y  cza szk i, d łu g o śc i żu ch w y  
( Id -C m ) ,  d łu gości kości n o so w y ch  oraz p o jem n o ści ja m y  czaszk i (T able  2— 7). 
W ięk szość  p ozosta łych  w y m ia ró w  czaszk i d o rosłych  h y b ry d ó w  F Ł m a w a rto śc i p o ­
śre d n ie  w  sto su n k u  do form  w y jśc io w y c h , p rzy  czy m  są  cech y  pod ob n e do żubra, 
in n e  do byd ła . U sa m có w  F , k sz ta łt  cza szk i je s t  p ośred n i, ja k  ró w n ież  sto su n ek  
w ie lk o śc i tr ze w io - i m ózgoczaszk i czy  k sz ta łt  p o ty licy . W ie lk o ść  czoła  u h y b ry d ó w  
F; oraz szerok ość sk le p ie n ia  n o so w eg o  m a ją  w a r to śc i p o śred n ie , pod ob n e ja k  w y ­
so k o ść  czaszk i u sa m ic  h yb ry d ó w  w szy s tk ich  p o k o leń  (T abele  2— 7). P o d o b ień stw o  
do żu b ra  zazn acza  s ię  w  szero k o śc i p o ty licy , w ie lk o śc i i  k sz ta łc ie  m o żd żen i u  
h y b ry d ó w  F , obu  p łc i. R ó w n ież  u  sa m có w  F , w y so k o ść  czaszk i oraz w y  sk le p ie n ie  
p ie rśc ien i o czo d o ło w y ch  są  podobne do żubra. W ysok ość  sp o jen ia  żu ch w y  ( C m - G o v )  
je s t  u h y b ry d ó w  Fj i sa m có w  p o k o leń  w steczn y ch  b liższa  d a n y m  d la  żubra (T a b e­
la  7).

P o d o b ień stw o  do b yd ła  zazn acza  s ię  w  p io n iza cji za ro g o w ej częśc i czaszk i, która  
le ż y  u w szy stk ich  h y b ry d ó w  razem  z p o ty licą  na tarczy  k a rk o w ej oraz w  b u d o­
w ie  sk lep ien ia  cza szk i, u tw o rzo n eg o  w y łą c z n ie  przez k o śc i c zo ło w e . K sz ta łt czaszk i 
sa m ic  F, oraz h y b ry d ó w  w stec zn y ch  ja k  r ó w n ie ż  w y so k o ść  dołu  sk ro n io w eg o  u  
h y b ry d ó w  w szy stk ich  pok o leń  są  po d o b n e  do byd ła . W ięk szo ść  p ozo sta ły ch  w y ­
m ia ró w  czaszk i h y b ry d ó w  w stec zn y ch  je s t  zb liżo n a  do czaszk i byd ła , przy  czym  
p o d o b ień stw o  to ro śn ie  w  m ia rę  w zro stu  u d zia łu  krw i byd ła . J ed n a k  n a w e t  u  
sz tu k  o  n isk im  p ro cen cie  k rw i żubra  m ogą  p o ja w ia ć  s ię  in d y w id u a ln e  cech y  
z b liż o n e  do żubra (kszta łt m ożdżen i, szero k o ść  czoła, w y so k o ść  trzonu żu ch w y  za 
M 3). W  ż u c h w ie  o b ie  cechy  ró żn ią ce  s ię  w y r a źn ie  u  żubra  i b yd ła  (w y so k o ść  trzo­
n u  ż u c h w y  za  M 3 i ty ln a  w y so k o ść  g a łęz i żu ch w y  w  projek cji) d z ied ziczą  s ię  u  
h y b ry d ó w  F t a lb o  ob ie  po żu b rze  a lb o  o b ie  po b y d le , a lb o  jed n a  po żu b rze  a druga  
po b y d le  (T ablica X IV , F ot. 15— 17).

W ięk szość  w y m ia r ó w  d łu gości, szero k o śc i i w y so k o śc i czaszk i m łodych  (12—24 
m ies ią ce) h y b ry d ó w  F! je st  w ię k sz a  n iż  u żubrów . N a to m ia st u z w ier zą t dorosłych  
w y m ia ry  szerok ości czaszk i (E ct-E ct ,  Fs-Fs,  N m - N m ,  O t - O t ) są  w y ra źn ie  w ię k sz e  
u żu b rów  n iż  u h yb ryd ów . W sk a zu je  to , że  w  p ierw szy ch  la tach  ży c ia  czaszk a  
h y b ry d ó w  rośn ie  in te n sy w n ie j n iż  u żu b ró w , co m o że  w y n ik a ć  z e fek tu  h eterozji  
oraz w p ły w u  tem p a  w zro stu  czaszk i o d z ied ziczo n eg o  po b y d le . N a to m ia st u żu b rów  
w  w ie k u  p o w y że j 4 la t  czaszk a  p o w ię k sza  s ię  n a  szerok ość  in te n sy w n ie j n iż  u  
h yb ry d ó w .

D u że  p o d o b ień stw a  a le  i p e w n e  różnice^ o b serw u je  s ię  ró w n ież  w  tem p ie  o b li-  
te ra c ji szw ó w  k o stn y ch  czaszk i m ięd zy  hy b ry d a m i i fo rm a m i w y jśc io w y m i (T a­
b e la  8). U  h y b ry d ó w  w szy stk ich  p o k o leń  p od o b n ie  ja k  u  żubra  i b y d ła  n a jw cz eś­
n ie j k o stn ie ją  sz w y  p la n u m  nuchale .  U  h y b ry d ó w  p o k o leń  w stec zn y ch  ró w n ież  
w c ze sn ą  o b litera cję  o b serw u je  s ię  w  częśc i sz w ó w  leżą cy ch  na sk le p ie n iu  czaszk i. 
U  h y b ry d ó w  w stec zn y ch  p roces k o s tn ien ia  sz w ó w  na p o w ierzch n i d o łu  sk ro n io ­
w eg o , oczod ołu  i p o w ierzch n i tw a r zo w ej trzew io cza szk i zach odzi w c ze śn ie j n iż  u 
form  w y jśc io w y c h .

D y m o rfizm  p łc io w y  je s t  w y r a źn ie  zazn a czo n y  u  h y b ry d ó w  F i i B 3bos pod obn ie  
ja k  u  żu b ró w  i byd ła . U  h y b ry d ó w  B ,b o s  i B 2bos w y r a ź n ie  ty lk o  u sa m ic , których  
cza szk a  je s t  pod obn ej w ie lk o śc i jak  u  k ró w  d o m o w y ch  (R yc. 2). N a jw ię k sze  róż­
n ic e  zw ią za n e  z d ym o rfizm em  p łc io w y m  dotyczą  u  h y b ry d ó w  p om ia ró w  E ct-E c t  
i Fs-F s  na  sk le p ie n iu  czaszk i oraz O t - O t  na  ta rczy  k a rk o w ej jak  ró w n ież  n a j­
w ię k sz e j szerok ości czaszk i na m o żd żen ia ch , p o d o b n ie  zresz tą  jak  u żubra  i bydła.
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U zy sk a n e  w y n ik i p o ró w n a n o  z d a n y m i a n a lizy  m orfo lo g iczn ej czaszek  h yb ryd ów  
żubra  z b y d łem  u zy sk a n y m i z A sk a n ii N o w ej (A n d reeva , 1935; B ogo lju b sk ij, 1935). 
S tw ie r d z o n o  dużo p o d o b ień stw a  a le  i p e w n e  różn ice , m ięd zy  in n y m i brak w p ły w u  
h etero zji na  w ie lk o ść  czaszk i krow y  Z byt m a ły  m a ter ia l p o ró w n a w czy  sk ła n ia  
d o  przyp u szczen ia , że  różn ice  te są  raczej w y n ik ie m  zm ien n o śc i in d y w id u a ln e j n iż  
w p ły w u  różnych ras u ży ty ch  do k rzy żo w a n ia  z byd łem .

E X P L A N A T IO N  O F P L A T E S

T he fo llo w in g  a b b rev ia tio n s  w e re  used :
F j—F | hyb rid s (50% E uropean  b ison , 50% cattle ),
B jbos —  25% E uropean  b iso n , 75% cattle ,
B jbos —  12.5% E urop ean  b iso n , 87.7% cattle ,
E .bis —  E uropean  b ison ,
b w l —  b lack  and  w h ite  lo w la n d  ca ttle ,
rp — red P o lish  ca ttle ,
M — m a le ,
F  — fem a le .

P la te  VII

C ra n iu m , N o r m a  v e r t i c a l i s

P h o to  1. “Facet", M, F, (E .bis X b w l) 11.5 yrs. 
P h oto  2. “F ilu tk a ”, F, F, (rpX  E.bis) 7 yrs,

P la te  V III

C ra n iu m ,  N o r m a  v e r t i c a l i s

P h o to  3. D o m estic  b u ll b w l, 5 yrs.
P h o to  4, “F en n y ’', F, B ,b o s, 8 yrs.

P la te  IX

C ranium . N o r m a  v e r t ica l i s

P h o to  5. “F en ” II, M, B jbos, 4 yrs.
P h o to  6. “F ilip ”, M , F , (rp X E .b is), 8 yrs.

P la te  X  

C ra n iu m ,  P la n u m  nu ch a le

P h oto  7, “Ł ąka”, F, F ( (E. b isX b w i)  2 yrs. 
P h o to  8. “F ilip ”, M , F! (rp X E . b is) 8 yrs.
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P la te  X I
yCTSI ' I*** *

C ra n iu m ,  P la n u m  n u ch a le

P h o to  9. “F e la ”, F, B äbos, 2.5 yrs. 
P h o to  10, “F esta ”, F, B ¡b os, 5 yrs.

P la te  X II

C ra n iu m ,  N o r m a  la te ra l i s

P h oto  II . D o m estic  b u ll, b w l, 5 yrs,
P h o to  12, “F ilip ”, M, Fi  (rp X E , bis) 8 yrs.

P la te  X III

C ra n iu m ,  N o r m a  la te ra l i s

P h o to  13, " F acet”, M, F, (E. b isX b w l)  11,5 yrs, 
P h o to  14. “F e l l” , M, B ibos, 7 yrs.

P la te  X IV  

M andibula
»

P h o to  15. “F ilo n ”, M, Fi  (rp X E . b is) 13 yrs.
“F a ce t”, M, Fj (E. b isX b w l)  11.5 yrs. 

P h o to  16. “F a k ir ”, M , F , (E. b isX b w l)  5 yrs.
“F eta ”, F, B ,b o s, 3.2 yrs.

P h oto  17. D o m estic  bu ll, b w l, 5 yrs,
“F en n y ”, F, B jbos, 8 yrs.


